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Description

[0001] The present invention relates a designing method, a designing apparatus, a computer program product, and
a computer-readable recording medium to design a member having superior performance in crash absorbed energy,
fatigue life, and so forth.

[0002] In the development of vehicles such as an automobile, in order to cope with the problems such as weight
reduction, development period reduction and experimental vehicle manufacture reduction, in recent years, prediction of
each performance based on numerical analysis with the use of a computer is frequently performed in designing field.
[0003] For instance, as for a crash absorbed energy, in order to absorb crash energy arising when the automobile
crashes, a member such as a front side member is designed to cause a regular buckling in the longitudinal direction
thereof at the time of the crash to absorb impact energy by plastic deformation by the buckling, so that an occupant of
the automobile is protected.

[0004] In conventional designing of a crash energy absorption member, after an initial shape of the member is deter-
mined, crash analysis is performed such as by finite element method, and a change in shape and so forth is made to
the member so that the crash absorbed energy attains a target value. After the evaluation by the analysis has attained
the target value, a final confirmation is made by experimental manufacture and experiment, so that the design is deter-
mined.

[0005] These members are manufactured by performing plastic working to sheets, tubes or bars made of steel or other
material and, as appropriate, by joining them. For the plastic working, a forming method such as pressing, hydroforming,
or extrusion or the like is adopted. Also, for the joining, a method such as spot welding, arc welding, laser welding, or
rivet connection or the like is adopted.

[0006] Conventionally, an approach referred to as coupled analysis reaching from press forming to crash analysis
shown in Fig. 25 is known, and, in Japanese Patent Application Laid-Open No0.2004-50253 (Patent document 1), there
is disclosed a simulation technique, in which, based on the final shape data of a pressed part, an additional shape data
is prepared and forming analysis is performed thereafter, and characteristic analysis such as on an ability to withstand
a crash force is performed based on the obtained analysis result in a coupled manner. In Fig. 25, "2501" denotes an
unprocessed material, "2502" denotes the result of the forming analysis, "2503" denotes the result of the forming analysis
after converted into input data for the crash analysis, and "2504" denotes the result of the crash analysis.

[0007] However, in Patent document 1, no description is given as to an approach to present an optimum part shape
and a forming condition.

[0008] It is known that, when a metal such as a steel material is used as a material, a variation in sheet thickness is
caused due to plastic working when manufacturing the member and/or work hardening is caused due to the plastic
strain, in which the buckling deformation mode and/or crash absorbed energy vari(es) when the member suffers the
crash as compared to the case where no sheet thickness variation or working hardening is caused.

[0009] Under current condition, since neither sheet thickness variation nor work hardening is taken into consideration
at the time of the analysis such as by the finite element method or the like, even if the designing is performed based on
the evaluation value obtained by the analysis, desired buckling deformation mode and/or crash absorbed energy cannot
be obtained in the experimental manufacture or experiment.

[0010] Further, due to a fluctuation in a plastic working condition when manufacturing the member, there arise(s)
fluctuation(s) also in sheet thickness variation and/or work hardening, finally causing the fluctuation(s) in the buckling
deformation mode and/or crash absorbed energy.

[0011] Further, the buckling deformation mode and the crash absorbed energy vary depending on a butt weld line
position when using a tailored blank and a joining condition when joining a plurality of members.

[0012] Also, as for fatigue strength evaluation for a vehicle, the development needs for an approach allowing accurate
and easy prediction of the fatigue life of a part, a member or a structure used for the vehicle aiming limit design are
increasing more than ever.

[0013] In this field, conventionally, static stress analysis under the condition of a predetermined fatigue load by the
finite element method is widely used, and when predicting the fatigue life using the analysis result, an approach; in which
an initial shape is determined first and fatigue test data (S-N diagram, E-N diagram) of materials previously used for the
member and of the joining portion are obtained, predictive calculation is performed at the same time by cross checking
the diagrams, a stress analysis value or a strain analysis value to obtain a predictive life, and then a change is made to
the shape of the member, the material, the joining method, or the like so that the calculated fatigue life becomes the
target value; is adopted.

[0014] After the evaluation by the analysis attains the target value, verification is performed by experimental manu-
facture and experiment to determine a design specification. These members are manufactured by performing plastic
working to sheets, tubes or bars made of steel or other material and, as appropriate, by joining them. For the plastic
working, a forming method such as pressing, hydroforming, or extrusion or the like is adopted. Also, for the joining, a
method such as spot welding, arc welding, laser welding, or rivet connection or the like is adopted. Recently, fatigue
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analysis software automatically, which refers to a stress calculation result file obtained by the finite element method as
well as fatigue test data of the material previously used for the member and of the joining portion and thereby calculates
the life of respective portions, is commercially available.

[0015] When a metal such as steel is used as a material, due to the plastic working when forming the member, the
sheet thickness variation and plastic strain are caused, and at the same time, when the member is assembled, residual
stress due mainly to springback after the formation of the member is caused, and those sheet thickness variation, plastic
strain and residual stress are known to largely affect the member in fatigue strength. Further, the calculation method of
the residual stress when assembling the member and the quantification method of the fatigue strength variation due to
the plastic strain are not clearly defined, making it difficult to build an optimization algorithm for fatigue design of a
member to obtain a forming work method satisfying a targeted fatigue life. In the conventional method, effects when
forming and assembling those are not taken into consideration, and, on top of that, no optimization algorithm is adopted,
so that the fatigue design of the member cannot be performed accurately and speedy, as a matter of fact.

[0016] In Japanese Patent Application Laid-Open No.2001-116664 (Patent document 2), in the analysis method an-
alyzing fatigue strength of a weldment structure composed of plural members, there is disclosed a fatigue strength
analysis method evaluating the fatigue strength, in which, based on the shapes and welding methods of the two welded
members, in view of a weld line portion, a fatigue strength diagram in the parallel direction to the weld line and a fatigue
strength diagram in the vertical direction to the weld line are selected, respectively, and with the stress analysis result
of this weldment structure, the stresses in the vertical and parallel directions to the weld line are obtained, and then by
comparing these stresses with the fatigue strength diagrams, respectively, to evaluate the fatigue strength.

[0017] However, in the method disclosed in Patent document 2, the residual stress arising at each portion after as-
sembling, the plastic strain given when forming the member, and the post-formation sheet thickness distribution are not
taken into consideration, and that, the optimization algorithm is not adopted, leaving a problem that the fatigue life
prediction cannot be performed accurately and speedy.

[0018] In Japanese Patent Application Laid-Open N0.2003-149091 (Patent document 3), a fatigue life evaluation
system is disclosed, in which a stress concentration ratio corresponding to a welded shape (finishing process) of a
welded portion is recognized beforehand for each joint type by experiment or the like to be stored in a memory together
with fatigue life prediction data (S-N diagram) of a front structure, stress of the welded portion is calculated by finite
element method analysis, peak stress at an end of the portion welded by bead is calculated by multiplying the stress
value by the stress concentration ratio corresponding to the welded shape, and the peak stress is applied to the S-N
diagram to predict the fatigue life in accordance with the welded shape.

[0019] In Japanese Patent Application Laid-Open No.2003-149130 (Patent document 4), there is disclosed a method,
in which a shell model for a finite element method analysis is prepared with respect to a spot-welded structure composed
of sheets fitted together; and linear and elastic analysis by the finite element method is performed using the prepared
shell model for the finite element method analysis to calculate a shared load at a nugget portion at a center of the spot
welded portion as well as a deflection on and a radial tilt angle of a circle drawn around the nugget portion and having
a diameter of D; and then, based on the calculated shared load and the deflection on and radial tilt angle of the circle,
nominal structural stress at the nugget portion is obtained using the circular plate bending theory of the elasticity theory
to predict the fatigue life of the spot-welded structure using the nominal structural stress.

[0020] However, in the methods disclosed in Patent documents 3 and 4, the residual stress arising at each portion
after the assembling, the plastic strain given when the member is formed, and post-formation sheet thickness distribution
are not taken into consideration, and that, the optimization algorithm is not adopted, leaving a problem that the fatigue
design cannot be performed accurately and speedy. JP 2002-297670 A discloses a method and a system for designing
a steel product, comprising the steps of previously recording material parameters in use, recording at least the material
standard, plate thickness, and shape of the steel product evaluating the moldability, rigidity, and strength of the steel
product correcting at least one of the material standard, plate thickness, and shape of the steel product when at least
one of the moldability, rigidity, and strength does not meet demanded specifications, and evaluating again the moldability,
rigidity, and strength.

[0021] As has been stated, when the metal such as steel is used as a material, the sheet thickness variation is caused
by the plastic working when manufacturing the member and the work hardening is caused by the plastic strain, however,
at present, the sheet thickness variation and the work hardening are not taken into consideration at the time of the
performance analysis by the finite element method or the like.

[0022] An object of the present invention is to enable an optimum member designing to obtain a desired performance
including a press forming condition while taking effects of a sheet thickness variation and a work hardening due to a
plastic working when manufacturing a member into consideration.

[0023] More specifically, an object of the present invention is to enable an optimum member designing to obtain a
desired crash performance including a press forming condition while taking effects of a sheet thickness variation and a
work hardening due to a plastic working when manufacturing a member into consideration.

[0024] Further, an object of the present invention is to enable an optimum member designing including a forming work
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condition to satisfy a desired fatigue life while taking a sheet thickness variation and a work hardening arising when
forming a member as well as a residual stress arising after assembling due mainly to springback after the formation of
the member into consideration.

[0025] The above object can be achieved by the features defined in the claims.

[0026] Here, a "formed product" in the present invention is defined as a partly finished product after press forming,
and a "member" is defined as the "formed product(s)" assembled, namely, a finished product.

[0027] According to the present invention, an optimum member designing to obtain a desired performance including
a press forming condition is realized while taking effects of the sheet thickness variation and the work hardening due to
the plastic working when manufacturing the member into consideration.

[0028] The invention is described in detail in conjunction with the drawings, in which:

Fig. 1 is a flowchart to explain a member designing flow in a first embodiment;

Fig. 2 is a view showing an appearance of a formed member;

Fig. 3 is a characteristic view showing a yield strength / stress-strain relation of a material;

Fig. 4 is a view showing sheet thickness distribution of a forming analysis example;

Fig. 5 is a view showing strain distribution of a forming analysis example;

Fig. 6 is a characteristic view showing a relation between a blank holder force and a panel strength;

Fig. 7 is a flowchart to explain a member designing flow in a second embodiment;

Fig. 8 is a view showing sheet thickness distribution of a forming analysis example;

Fig. 9 is a view showing strain distribution of a forming analysis example;

Fig. 10A is a view showing a crash analysis example and a good buckling deformation mode;

Fig. 10B is a view showing the crash analysis example and a bad buckling deformation mode;

Fig. 11 is a characteristic view showing a relation between a forming condition and a crash absorbed energy;

Fig. 12 is a characteristic view showing a relation between a forming condition and the crash absorbed energy;
Fig. 13 is a view showing a post-formation shape of a tailored blank member;

Fig. 14 is a characteristic view showing a relation between weld line positions of the tailored blank and the crash
absorbed energy;

Fig. 15 is a view showing spot welded positions;

Fig. 16 is a characteristic view showing a relation between joining conditions and the crash absorbed energy;

Fig. 17A is a characteristic view showing a relation between the yield strength / stress-strain relation of a material
for a steel plate of a tensile strength of 270 MPa grade;

Fig. 17B is a characteristic view showing a relation between the yield strength / stress-strain relation of a material
for a steel plate of a tensile strength of 590 MPa grade;

Fig. 17C is a characteristic view showing a relation between the yield strength / stress-strain relation of a material
for a steel plate of a tensile strength of 980 MPa grade;

Fig. 18 is a flowchart to explain a member designing flow in a third embodiment;

Fig. 19 is a view showing an example member composed of pressed formed products;

Fig. 20 is a view showing example calculation procedures to obtain residual stress distribution;

Fig. 21A is a view showing an example to obtain the residual stress distribution by performing springback analysis
after assembling the formed products into the member;

Fig. 21B is a view showing an example to obtain the residual stress distribution by assembling the formed products
into the member after performing the sprinback analysis to the formed products;

Fig, 22 is a characteristic view showing an example S-N diagram with respect to prestrains;

Fig. 23 is a view showing an outline of a fatigue strength test on a member having a hat-shape section;

Fig. 24 is a block diagram showing an example computer system functioning as a designing apparatus; and

Fig. 25 is a view showing an example of conventional coupled analysis on forming process and crash.

[0029] Hereinafter, preferred embodiments according to the present invention will be described with reference to the
drawings.

<First Embodiment>

1. Design target

[0030] Asanexample ofthe presentinvention, an optimum forming condition for a panel-type member will be designed.
Fig. 1 is a flowchart showing a flow of a member designing method according to a first embodiment. Fig. 2 shows an

appearance of a formed member. The panel-type member is formed by pressing. The member receives a local force
(hereinafter called a "force") around the center thereof and has a remaining dent after the force is removed. A press
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forming condition (blank holder force = BHF) is optimized so that the force causing a certain amount of dent, namely a
panel strength as a performance of the member is maximized.

[0031] The panel-type member has a size of 620 mm in one side, 70 mm in flange width, and 0.7 mm in sheet thickness.
The material is a steel plate of a tensile strength of 370 MPa grade.

[0032] As the other press forming conditions, a length of stroke is defined as 100 mm, an initial blank holder force
(BHF) is defined as 400 kN, a friction coefficient is defined as 0.12, and a yield strength / stress - strain relation of the
material is defined as shown in Fig. 3.

2. Forming analysis

[0033] A press forming analysis is performed by inputting the above-described press forming conditions with the use
of a finite element analysis program PAM-STAMP. Sheet thickness distribution and strain distribution are shown in Fig.
4 and Fig. 5, respectively.

3. Data conversion

[0034] The analysis result (in the case, for example, of blank holder force BHF = 200 kN, the sheet thickness = 0.613
mm and the strain = 0.07557) of the sheet thickness and the strain by the forming analysis at a reference position 21
shown in Fig. 2 is imported into a spreadsheet software, and then the strain (0.07557) is converted into the stress (375.5
MPa) based on the stress-strain relation in Fig. 3 to be inputted as a strength analysis condition (state amount).

4. Strength analysis

[0035] Asastrengthanalysis method, aformula "Pd =K X tm X ¢" (Puresu Seikei Nan-i Hando Bukku (Press Formation
Difficulty Handbook, in English, as a reference), THE NIKKAN KOGYO SHIMBUN LTD., Tokyo, 1997) calculating the
force causing the certain amount of dent (panel strength) in the case where the force is applied to the reference position
21 is used. "K" indicates a constant number determined by the panel shape, "t" indicates the sheet thickness, "m"
indicates a multiplier, and "c" indicates the stress calculated based on Fig. 3 using the strain obtained by the forming
analysis. Here, it is assumed that K = 1.0 and m = 2, and the strength analysis is performed using the spreadsheet
software. For instance, when the blank holder force BHK = 200 kN, then Pd = 1.0 X 0.613 2 X 375.5 = 141.2.

5. Strength performance evaluation and press forming condition change

[0036] Out of the above-described press forming conditions, the blank holder force (BHF) is changed within the range
from 200 kN to 800 kN, and the computer performs the calculation from the step 1 to step 7 in Fig. 1 repeatedly four
times, so that the optimum press forming condition giving the maximum value of the panel strength is sought.

6. Result

[0037] The resultis shown in Fig. 6. In the graph, the horizontal axis indicates the blank holder force (BHF) and the
vertical axis indicates the panel strength (Pd). Based on the result, the forming condition in which the panel strength is
maximized is when the blank holder force BHF = 700 kN to 800 kN and the panel strength is approximately 148.

<Second Embodiment>

[0038] In a second embodiment, the description will be given of a designing of a member being a front side member
or the like of an automobile to absorb crash energy arising at the time of an automobile crash.

[0039] Fig. 7 is a flowchart to explain the member designing flow in the second embodiment. First, as press forming
conditions, respective conditions 71 being the shape of the member, the length of stroke, the blank holder force, a pad
pressure, the friction coefficient, a tensile strength of the material, the yield strength, the stress-strain relation, the sheet
thickness, and a welded position of the tailored blank are set, and the computer performs the forming analysis (72) by
the forming analysis program using the above conditions as input data.

[0040] Note that, in the present invention, the pad pressure and the welded position of tailored blank are items to be
inputted as required. The tailored blank means a material formed by welded metal plates being different in at least any
of the sheet thickness, the tensile strength and the yield strength in the longitudinal direction. With the pad pressure
being inputted, effects of avoiding a failure at the time of formation such as a fracture and wrinkle and of giving appropriate
work hardening (strain) can be expected. Further, with the input of the welded position of tailored blank, an effect of
enhancing later-described performance at the time of the crash obtained by arranging different sheet thicknesses and/or
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material for the same members can be expected.

[0041] Subsequently, based on the press forming conditions 71, the computer performs the press forming analysis
(72) to convert output data (sheet thickness distribution, strain distribution and stress distribution) 73 of the forming
analysis into input data 75 for crash analysis by conversion program (74).

[0042] Note that, in the present invention, the stress distribution of the formed product is an item to be outputted if
required as a result of the forming analysis. By outputting the stress distribution of the formed product and by performing
the following crash analysis based thereon, an effect of performing a highly precise designing, in which deformation
and/or destruction phenomenon(s) at the time of the crash is (are) truly duplicated, can be expected.

[0043] Subsequently, based onthe sheetthickness distribution, the strain distribution, the stress distribution, the shape
of the member, the joining condition of member and an impact force of the formed product, as crash analysis conditions
75, the computer performs the crash analysis (76) by a crash analysis program to output output data (crash absorbed
energy and buckling deformation mode) 77 of the crash analysis, and evaluates them (78).

[0044] Note that, in the present invention, out of the crash analysis conditions, the stress distribution of the formed
product is an item to be inputted if required as described before. Also, the joining condition of the member is the item to
be inputted into the crash analysis conditions if required. The joining conditions are, specifically, one kind or two kinds
or more of the welding method, a heat input, a preheat temperature, a number of spot welding(s), a nugget diameter,
the welded position, and the like. With the joining conditions of the member being inputted into the crash analysis
conditions, effects of making the buckling deformation mode at the time of the crash be a desired mode and maximizing
the crash absorbed energy can be expected.

[0045] In the crash analysis, calculations are performed to obtain the crash absorbed energy and the deformation
mode. The deformation mode means a deforming mode when the member receives an impact to be deformed. Specif-
ically, a deformation mode in which the member is folded in an accordion manner or a deformation mode in which the
member is bent in the middle thereof is caused.

[0046] When the crash performance does not attain the desired value or when step 71 to step 77 are not yet repeated
predetermined number of times, at least, one kind or more of the press forming conditions 71 or the joining condition of
the member out of the crash analysis conditions 75 is (are) changed, and the computer performs the calculations by
repeating the step 71 to step 77 predetermined number of times. The process stops when the crash performance attains
the desired value by repeating step 71 to step 77. The predetermined number of times is preferably 10 times or more
to seek for the maximum point of the crash absorbed energy. Meanwhile, in order to save the time of a series of analysis,
100 times or less is preferable.

[0047] With this, an optimum design result 79 giving the maximum value or a stable region of the crash absorbed
energy can be obtained.

[0048] Note that the forming analysis and the crash analysis may be performed by a commercially available analysis
program by the finite element method or the like or a self-developed program. Also, the data conversion from the forming
analysis to the crash analysis, the crash performance evaluation and the change in shape and/or processing conditions
are performed by the commercially available program or the self-developed program as well.

[0049] As stated above, the optimum member can be designed by making the buckling deformation mode and/or the
crash absorbed energy when the automobile crashes be the desired value(s) and by seeking for a design point (shape
of member, press forming condition and so on) in which the crash performance does not vary largely even if there is a
fluctuation in the processing conditions when manufacturing the member, while taking the effects of the sheet thickness
variation and the work hardening when manufacturing the member into consideration.

(Example 1)
1. Design target

[0050] As anexample 1 of the second embodiment, optimum forming conditions for a member formed by spot welding
a closing plate to a member having a hat-shape section are designed. Fig. 13 shows an appearance of the formed
member. The member having the hat-shape section is formed by pressing. The member is assumed to be crashed
around the axis in the longitudinal direction when receiving an impact force, and a press work condition (blank holder
force = BHF) is optimized so that the crash absorbed energy at that time is maximized.

[0051] The size of the member having the hat-shape section is 300 mm in length, 50 mm in cross-sectional width, 50
mm in cross-sectional height, 20 mm in flange width and 1.4 mm in sheet thickness. The size of the closing plate is 300
mm in length, 90 mm in width and 1.4 mm in sheet thickness. The material is a high-tensile steel plate of 590 MPa grade
for both the member having the hat-shape section and closing plate.

[0052] As the other press forming conditions, the length of stroke is defined as 50 mm, the initial blank holder force
(BHF) is defined as 40 kN, the friction coefficient is defined as 0.15, and the yield strength / stress - strain relation of the
material is defined as shown in Fig. 17B.
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2. Forming analysis

[0053] The above-described press forming conditions are inputted and then the press forming analysis is performed
using a commercially available finite element analysis program "Hyper Form" to calculate the sheet thickness distribution
shown in Fig. 8 and the strain distribution of the formed product shown in Fig. 9.

3. Data conversion

[0054] The analysis result of the sheet thickness variation and the strain distribution by the forming analysis are
converted into the input data for the crash analysis using a self-developed FORTRAN program, and the sheet thickness
distribution, the strain distribution and the shape of the member of the formed product are inputted as crash analysis
conditions.

4. Crash analysis

[0055] As a crash analysis condition, further, the impact force equal to that in the case where a steel of 553. 6 kg mass
is crashed at a speed of 6.26 m/sec is inputted, and the crash analysis is performed using a commercially available finite
element analysis program "PAM-CRASH". As shown in Figs. 10A and 10B, the crash absorbed energy and the defor-
mation mode are calculated including the case where the press forming condition is changed as will be described later.
Fig. 10A shows a good buckling deformation mode in which a regular buckling deformation 101 is repeated in the axial
direction and Fig. 10B shows a bad buckling deformation mode in which an irregular buckling deformation 102 is caused.

5. Crash performance evaluation and processing condition change

[0056] A commercially available optimization tool "iSIGHT" is used. In order to maximize and stabilize the crash
absorbed energy, out of the above-described press forming conditions, the blank holder force (BHF) is changed within
the range from 1 kN to 350 kN, then the computer performs calculation from the step 71 to step 77 in Fig. 7 repeatedly
70 times, and the optimum press forming condition giving the maximum value or the stable region of the crash absorbed
energy is sought.

6. Result

[0057] The resultis shown in Fig. 11. In the graph, the horizontal axis indicates the blank holder force (BHF) and the
vertical axis indicates the crash absorbed energy. Based on the result, a point 111 at which the crash absorbed energy
is maximized is when the blank holder force BHF = 298 kN, where the crash absorbed energy is 8044 J. However, under
these conditions, if the blank holder force BHF fluctuates, the crash absorbed energy varies sharply, therefore, when
highly-precise press control is difficult, it is difficult to adopt the point as the optimum design point.

[0058] At that time, there is a range where the blank holder force BHF = 200 kN to 250 kN as a range 112 in which
the crash absorbed energy is stabilized at higher level, so that it is found that the midpoint thereof can be adopted as
the optimum design point.

[0059] Further, under the same conditions as of example 1, when further performing the press forming analysis, the
stress distribution of the formed product is calculated (view of the stress distribution is omitted here), then the crash
analysis is performed by including this stress distribution, and the above-described repetitive calculations are performed
25 times while changing the blank holder force, as a result, there exists a range where the blank holder force BHF =
220 kN to 260 kN, so that it is found that the midpoint thereof can be adopted as the optimum design point.

(Example 2) (Reference Example)
1. Design target

[0060] As anexample 2 of the second embodiment, optimum forming conditions for a member formed by spot welding
the closing plate to the member having the hat-shape section are designed. The member having the hat-shape section
is formed by pressing. The member is assumed to be crashed around the axis in the longitudinal direction by receiving
an impact force, and the press work condition (pad pressure) is optimized so that the crash absorbed energy at that
time is maximized.

[0061] The size of the member having the hat-shape section is 300 mm in length, 50 mm in cross-sectional width, 50
mm in cross-sectional height, 20 mm in flange width and 1.4 mm in sheet thickness. The size of the closing plate is 300
mm in length, 90 mm in width and 1.4 mm in sheet thickness. The material is a high-tensile steel plate of 590 MPa grade
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for both the member having the hat-shape section and closing plate.

[0062] As the other press forming conditions, the length of stroke is defined as 50 mm, the initial blank holder force
(BHF) is defined as 200 kN, an initial pad pressure is defined as 1 kN, the friction coefficient is defined as 0.15, and the
yield strength / stress - strain relation of the material is defined as shown in Fig. 17B.

2. Forming analysis

[0063] The above-described press forming conditions are inputted and then the press forming analysis using the
commercially available finite element analysis program "PAM-STAMP" is performed to calculate the sheet thickness
distribution of the formed product similar to that shown Fig. 8 and the strain distribution similar to that shown in Fig. 9
(drawing is omitted here).

3. Data conversion

[0064] The analysis result of the sheet thickness variation and the strain distribution in the forming analysis are con-
verted into the input data by using self-developed FORTRAN program, and the sheet thickness distribution, the strain
distribution and the shape of the member for the formed product are inputted as the crash analysis conditions.

4. Crash analysis

[0065] As a crash analysis condition, further, the impact force equal to that in the case where a steel of 553. 6 kg mass
is crashed at a speed of 6.26 m/sec is inputted, and the crash analysis is performed using the commercially available
finite element analysis program "PAM-CRASH". Including a later-described case where the pad pressure condition is
changed, the same results as shown in the drawings in Figs. 10A and 10B are obtained (drawings are omitted here).
When the pad pressure is 18 kN or more, the buckling deformation mode such that the member is bent is shown.

5. Crash performance evaluation and processing condition change

[0066] The commercially available optimization tool "iSIGHT" is used. In order to maximize and stabilize the crash
absorbed energy, out of the above-described press forming conditions, the pad pressure is changed within the range
from 1 kN to 25 kN, then the computer performs calculation from the step 71 to step 77 in Fig. 1 repeatedly 13 times,
and the optimum press forming condition giving the maximum value or the stable region of the crash absorbed energy
is sought.

6. Result

[0067] The resultis shown in Fig. 12. In the graph, the horizontal axis indicates the pad pressure and the vertical axis
indicates the crash absorbed energy. Based on the result, a point 1201 at which the crash absorbed energy is maximized
is when the pad pressure = 16 kN, where the crash absorbed energy is 8300 J.

(Example 3) (Reference Example)
1. Design target

[0068] As an example 3 of the second embodiment, optimum forming conditions for a member formed by spot welding
the closing plate to the member having the hat-shape section are designed. The member having the hat-shape section
is formed by pressing a tailored blank material. The member is assumed to be crashed around the axis in the longitudinal
direction by receiving the impact force, and the press work condition (weld position of the tailored blank) is optimized so
that the crash absorbed energy at that time is maximized.

[0069] The size of the member having the hat-shape section is 300 mm in length, 50 mm in cross-sectional width, 50
mm in cross-sectional height, 20 mm in flange width and 1.2 mm in sheet thickness. The size of the closing plate is 300
mm in length, 90 mm in width and 1.2 mm in sheet thickness. The materials for the member having the hat-shape section
are steel plates of 270 MPa grade, 980 MPa grade and 590 MPa grade from the above, respectively, and that for the
closing plate is a steel plate of 590 MPa grade. Fig. 13 shows an appearance of the member having the hat-shape section.
[0070] As the other press forming conditions, the length of stroke is defined as 50 mm, the blank holder force (BHF)
is defined as 10 kN, and the friction coefficient is defined as 0.15. The yield / stress - strain relations of the materials are
shown in Figs. 17A, 17B, 17C for the materials of 270 MPa grade, 590 MPa grade, 980 MPa grade, respectively.
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2. Forming analysis

[0071] The above-described press forming conditions are inputted and then the press forming analysis is performed
using a commercially available finite element analysis program "Hyper-Form" to calculate the sheet thickness distribution
of the formed product similar to that shown Fig. 8 and the strain distribution similar to that shown in Fig. 9 (drawing is
omitted here).

3. Data conversion

[0072] The analysis result of the sheet thickness variation and the strain distribution by the forming analysis are
converted into the input data for the crash analysis using the self-developed FORTRAN program, and the sheet thickness
distribution, the strain distribution and the shape of the member of the formed product are inputted as crash analysis
conditions.

4. Crash analysis

[0073] As a crash analysis condition, further, the impact force equal to that in the case where a steel of 500 kg mass
is crashed at a speed of 6 m/sec is inputted, and the crash analysis is performed using the commercially available finite
element analysis program "PAM-CRASH?". Including a later-described case where the weld position of the tailored blank
is changed, the same results as shown in the drawings in Figs. 10A and 10B are obtained (drawings are omitted here).
When the weld position of the tailored blank is "a" > 160 mm, a buckle deformation mode, in which "c" region of 590
MPa grade steel is not folded in good condition, is shown.

5. Crash performance evaluation and processing condition change

[0074] The commercially available optimization tool "iISIGHT" is used. In order to maximize and stabilize the crash
absorbed energy, out of the above-described press forming conditions, a weld position 1304 of the tailored blank shown
in Fig. 13 is changed within the range from "a" = 130 mm to 170 mm, then the computer performs calculations from the
step 71 to step 77 in Fig. 1 repeatedly 50 times, and the optimum press forming condition giving the maximum value of
the crash absorbed energy is sought. Note that a length 1302 at a center portion is fixed to be "b" = 100 mm, and a
length 1303 at a lower portion is defined to be "c" = (300 - a - b) mm.

6. Result

[0075] The resultis shown in Fig. 14. In the graph, the horizontal axis indicates the weld position of the tailored blank
and the vertical axis indicates the crash absorbed energy. Based on the result, a point 1401 at which the crash absorbed
energy is maximized is when the weld position of the tailored blank "a" = 148 mm, where the crash absorbed energy is
6900 J.

(Example 4) (Reference Example)
1. Design target

[0076] As anexample 4 of the second embodiment, optimum forming conditions for a member formed by spot welding
the closing plate to the member having the hat-shape section are designed. The member having the hat-shape section
is formed by pressing a steel plate. The member is assumed to be crashed around the axis in the longitudinal direction
by receiving the impact force, and the joining condition is optimized so that the crash absorbed energy at that time is
maximized. Specifically, as for the spot welding of the flange of the member having the hat-shape section and the closing
plate, the number of the weldings and the nugget diameter are optimized.

[0077] The size of the member having the hat-shape section is 300 mm in length, 50 mm in cross-sectional width, 50
mm in cross-sectional height, 20 mm in flange width and 1.4 mm in sheet thickness. The size of the closing plate is 300
mm in length, 90 mm in width and 1.4 mm in sheet thickness. The material is the high-tensile steel plate of 590 MPa grade.
[0078] As the other press forming conditions, the length of stroke is defined as 50 mm, the blank holder force (BHF)
is defined as 34 kN, and the friction coefficient is defined as 0.15. The yield strength / stress - strain relation of the
material is defined as shown in Fig. 17B.
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2. Forming analysis

[0079] The above-described press forming conditions are inputted and then the press forming analysis is performed
using the commercially available finite element analysis program "Hyper-Form" to calculate the sheet thickness distri-
bution of the formed product similar to that shown Fig. 8 and the strain distribution similar to that shown in Fig. 9 (drawing
is omitted here).

3. Data conversion

[0080] The analysis result of the sheet thickness distribution and the strain distribution by the forming analysis are
converted into the input data for the crash analysis using a self-developed FORTRAN program, and the sheet thickness
distribution, the strain distribution and the shape of the member of the formed product are inputted as crash analysis
conditions.

4. Crash analysis

[0081] As acrash analysis condition, further, the impact force equal to that in the case where a steel of 553. 6 kg mass
is crashed at a speed of 6.26 m/sec is inputted, and the crash analysis is performed using the commercially available
finite element analysis program "PAM-CRASH". Including a later-described case where the number of welding(s) of the
spot welding and the nugget diameter are changed, the same results as shown in the drawings in Figs. 10A and 10B
are obtained (drawings are omitted here). When the number of the weldings of the spot welding is seven and the nugget
diameter is 7 mm, the buckling deformation mode such that the member is folded in an accordion manner, and when
the number of the weldings and the nugget diameter are other than the above, the buckling deformation mode such that
the member is bent at the midpoint thereof is shown.

5. Crash performance evaluation and processing condition change

[0082] The commercially available optimization tool "iISIGHT" is used. In order to maximize and stabilize the crash
absorbed energy, out of the member joining conditions, the number of spot welding(s) is changed within the range from
3 to 10 for one side as shown in Fig. 15 and the nugget diameter of the spot welding is changed within the range from
3 mm to 10 mm, and then the computer calculates the step 71 to step 77 in Fig. 1 repeatedly 16 times, so that the
optimum press forming condition or the optimum joining condition giving the maximum value of the crashed absorbed
energy is sought.

6. Result

[0083] The result is shown in Fig. 16. In the graph, a horizontal axis 1601 indicates the number of spot weldings, a
horizontal axis 1602 indicates the nugget diameter, and a vertical axis 1603 indicates the crash absorbed energy. Based
on the result, a point 1604 at which the crash absorbed energy is maximized is when the number of spot weldings is
nine and the nugget diameter is 10 mm, where the crash absorbed energy is 7237 J. Further, when the number of spot
weldings is seven and the nugget diameter is 7 mm, there is a maximum point 1605 showing a crash absorbed energy
of 71254, and this can considered to be a candidate of the optimum design point in consideration of the spot welding cost.
[0084] Further, in the case where the above-described optimum joining conditions are given, and, as a press forming
condition, the blank holder force is changed and the above-described repetitive calculations are performed 13 times,
the crash absorbed energy is stabilized at high level when the blank holder force BHF = 200 kN to 250 kN, and it is
found that the middle point thereof can be adopted as the optimum design point.

<Third embodiment>

[0085] In a third embodiment, a part, a member or a structure used in a vehicle, especially an industrial vehicle such
as an automobile, an agricultural vehicle and the like is predicted in view of fatigue life against cyclic load arising when
driving the vehicle, and a designing of optimum press forming conditions giving a maximum value of the fatigue life or
a target fatigue life will be described.

[0086] With reference to the flowchart in Fig. 18, a member designing flow according to the third embodiment will be
described. First, as the press forming conditions, respective input data 1801 being the shape of a material before forming,
the shape of the formed product, a tool shape, the length of stroke, the blank holder force, the friction coefficient, the
tensile strength of the material, the yield strength, the stress-strain relation and sheet thickness are set, and the computer
performs the press forming analysis (1802) by the forming analysis program using the above conditions as input data.

1"



10

15

20

25

30

35

40

45

50

55

EP 1908 539 B1

[0087] Based on the input data 1801 of the press forming conditions, the computer performs the press forming analysis
(1802), and outputs the sheet thickness, the post-formation stress distribution and the post-formation strain distribution
of the formed product as output data 1803 of the press forming analysis.

[0088] Subsequently, the sheet thickness distribution, the post-formation stress distribution and the shape of the
member out of the output data 1803 of the press forming analysis are set as input data 1804 of the springback analysis
conditions, and the computer performs the springback analysis (1806) using the springback analysis program based on
the input data 1804 to output a residual stress distribution of the member as output data 1808 of the springback analysis.
[0089] Also, in parallel therewith, out of the output data 1803 of the press forming analysis, the sheet thickness
distribution, the shape of the member, and the static load are set as input data 1805 for the elastic analysis conditions,
and the computer performs the elastic analysis (1807) on the member based on the input data 1805 using an elastic
analysis program to output the post-elastic formation stress distribution and the post-elastic deformation strain distribution
as output data 1809 of the elastic analysis.

[0090] Subsequently, the post-formation strain distribution out of the output data 1803 of the press forming analysis,
a residual stress distribution of the output data 1808 of the springback analysis, and the post-elastic deformation stress
distribution and the post-elastic deformation strain distribution cut of the output data 1809 of the elastic analysis, and a
fatigue load are set as condition input data 1810 for a fatigue analysis, and the computer performs the fatigue analysis
(1811) based on the input data 1810 using the fatigue analysis program to output the fatigue life of the member as output
data 1812 of the fatigue analysis and evaluate whether or not the fatigue life satisfies the target life or whether or not
the fatigue life is the maximum value (1813).

[0091] When the fatigue life of the member does not attain a desired value, at least one kind or more of the input data
1801 of the press forming conditions is/are changed and the computer calculates again from step 1801 to step 1812
repeatedly a predetermined number of times.

[0092] When the fatigue life of the member has attained the desired value by repeating step 1801 to step 1812, the
process is stopped.

[0093] With this, it is possible to obtain the optimum press forming conditions 1814 giving the maximum value of the
fatigue life or the target life.

[0094] Note that for the press forming analysis, the springback analysis, the static elastic analysis and the fatigue life
analysis, a commercially available analysis program by the finite element method or the like or a self-developed program
can be used. As a press forming analysis program or a springback analysis program, there are commercially available
solvers such as the PAM-STAMP, a LS-DYNA, an ABAQUS and the like, and as those for the elastic analysis, there
are commercially available solvers using the finite element method such as a NASTRAN, a MARC, the ABAQUS and
the like. As a fatigue life analysis program, there is commercially available software such as a MSC. Fatigue, a FEMFAT,
a FE-Fatigue or the like. Further, the data transfer to/from the press forming analysis result or the springback analysis
result to/from the fatigue life analysis, and an analysis condition change are performed using a commercially available
program or a self-developed program. As an optimization tool automatically changing the analysis condition and per-
forming repetitive calculation to obtain the optimum result, commercially available optimization software iSIGHT, OPTI-
MUS, AMDESS and the like are prepared, so that the repetitive calculation shown in Fig. 18 can be automated.
[0095] The inputdata 1804, 1805, 1810 may be inputted from an external input part in each case or may be imported
automatically in the program.

[0096] Fig. 19 shows an example member formed by two press formed products 1901, 1902 assembled by spot
weldings 1903. Further, in Fig. 20, example calculation procedures (corresponding to 1801, 1802, 1803, 1804, 1806,
1808 in Fig. 18) to obtain the residual stress distribution of the member, in which the press forming analysis of the formed
product and the springback analysis of the member are performed, are shown. Based on shape data 2004 of the material
before forming and shape data of tools (punch mold 2005, die mold 2006), a finite element mesh model 2007 is generated,
and a press forming analysis 2008 is performed based on the press forming conditions to obtain the sheet thickness
distribution at a dead point after formed, the post-formation stress distribution and the post-formation strain distribution.
[0097] Using the formed product, in which the sheet thickness distribution and the post-formation stress distribution
obtained in the press forming analysis 2008 are mapped, member assembling 2009 is performed on the computer and
then springback analysis 2010 is performed, so that the residual stress distribution of the member is obtained. As for
the calculation of the residual stress distribution, it is possible to obtain the residual stress generated at a jointed portion
or a metal material portion, after performing the springback analysis on the formed product, jointing the formed products
on the computer, and assembling the member.

[0098] Figs.21A and 21B show two types of the above-described processes in which the formed products are assem-
bled to obtain the residual stress. Fig. 21A shows an example, in which two formed products 2101 each having the hat-
shape section are assembled into a member by a spotwelding 2103 to obtain the residual stress distribution by performing
the springback analysis, and Fig. 21B shows an example, in which the springback analysis is performed on the formed
products each having the hat-shape section, displacement distributions by the springback are calculated, deformed
shapes of the formed products are obtained, and they are assembled into the member based on the deformed shapes
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by a spot welding 2102 to obtain the residual stress distribution.

[0099] Subsequently, an example fatigue life calculation considering the post-formation strain distribution and per-
formed in the fatigue life analysis program 1811 will be shown. The post-formation strain distribution obtained by the
press forming analysis is set as the prestrain distribution of the member and the S-N diagram and the E-N diagram are
selected based on the value to perform the fatigue life calculation. Here, the E-N diagram indicates the fatigue life diagram
showing a relation between the strain value and the number of cycles. For the S-N diagram and E-N diagram, it is
possible to use commercially available data or data in publicly known document, and it is also possible to use the data
prepared by performing the fatigue test in advance using the same steel material as used in the designing. Generally,
the fatigue strength of the metal material that has experienced prestrain increases in a high cycle region.

[0100] Fig. 22 is an S-N diagram showing an effect of the prestrain with respect to a steel material, which can be
obtained by giving a predetermined strain to a fatigue test specimen in advance, and performing the fatigue test. As an
example, at a position of a node point (node) in the finite element mesh model of the member, a prestrain of 30% is
given and a fatigue load is added as well, and when the stress of 350 MPa arises at the node point, as shown by a
dotted arrow in the drawing, the S-N line of the prestrain of 30% is selected, and the estimated fatigue life (number of
cycles) at the node point can be calculated to be 800 thousand times. By the similar calculation method, the fatigue life
is calculated for every node point in the finite element mesh model of the member, and out of the calculation results, the
minimum value is defined as a predicted fatigue life.

[0101] As has been described, the residual stress generated at respective portions after assembling, the plastic strain
arising when forming the member, and the sheet thickness variation are taken into consideration, while the press forming
conditions making the fatigue life under the fatigue load conditions in compliance with the practical use environment of
the member be the desired value is obtained in an accurate and speedy manner, so that the optimum member can be
designed.

(Example)
1. Design target

[0102] As an example of the third embodiment, optimum press forming conditions for a member having a hat-shape
section formed by spot welding a closing plate 2302 to a flange portion of a formed product 2301 having a hat-shape
section as shown in Fig. 23 are designed. A fixing-side closing plate 2304 is completely fixed to the member having the
hat-shape section by which the member having the hat-shape section is placed in a cantilever state, and a torsional
fatigue load is repeatedly added around the long axis to obtain the optimum press forming condition (blank holder force)
in which the fatigue life (number of cycles) is maximized. The cyclic fatigue load is a fatigue load 2305 of completely
reversed torsion, being 400 Nm.

[0103] The size of the member having the hat-shape section 2301 is 300 mm in length, 120 mm in cross-sectional
width, 70 mm in cross-sectional height, 20 mm in flange width and 1.4 mm in sheet thickness. The size of a closing plate
2303 is 160 mm in width, 300 mm in length and 1.4 mm in sheet thickness. The size of the force-applied-side closing
plate 2303 and the fixing-side closing plate 2304 is 200 mm in width, 200 mm in length and 5.0 mm in sheet thickness,
respectively. As for the size of the tools, the shape size of the punch mold and die mold are set based on the shape size
of the formed product 2301 having the hat-shape section. The size of the material before forming is 300 mm in width,
300 mm in length and 1.4 mm in sheet thickness.

[0104] As the other press forming conditions, the length of stroke is defined as 70 mm, the initial blank holder force
(BHF) is defined as 10 kN, and the friction coefficient is defined as 0.15. The yield strength of the material is 340 MPa,
the stress-strain relation

g = 900 x (& + 0.0006) °-17.

[0105] Here, "c"is an actual stress and "¢" is an actual strain.

2. Press forming analysis

[0106] The above-described press forming conditions are inputted and the press forming analysis is performed on the
formed product 2301 having the hat-shape section using the commercially available finite element method program

ABAQUS to thereby calculate the sheet thickness, the post-formation stress distribution and the post-formation strain
distribution of the formed product.
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3. Springback analysis

[0107] The formed product 2301 having the hat-shape section and the closing plate 2302 are assembled on the
computer into the member having the hat-shape section, and the springback analysis is performed based on the sheet
thickness, the post-formation stress distribution and the post-formation strain distribution of the formed product 2301
having the hat-shape section as the springback analysis conditions by using the commercially available finite element
method program ABAQUS, so that the residual stress of the member is calculated.

4. Elastic analysis

[0108] The formed product 2301 having the hat-shape section, the closing plate 2302, the force-applied-side closing
plate 2303 and the fixing-side closing plate 2304 are assembled on the computer into the member having the hat-shape
section, and after that, the elastic analysis is performed based on the sheet thickness distribution of the formed product
2301 having the hat-shape section, the shape of the member and a torsional force 400 Nm as elastic analysis conditions
using a commercially available finite element method program NASTRAN, so that the post-elastic deformation stress
distribution and the post-elastic deformation strain distribution of the member are calculated.

5. Fatigue analysis

[0109] The fatigue life (number of cycles) of the member having the hat-shape section when the torsional fatigue load
is applied is calculated based on the post-formation strain distribution of the formed product 2301 having the hat-shape
section calculated in the press forming analysis, the residual stress distribution of the member having the hat-shape
section calculated in the springback analysis, the post-elastic formation stress distribution and the post-elastic deformation
strain distribution of the member having the hat-shape section calculated in the elastic analysis, and the torsional force,
as fatigue analysis conditions using a commercially available fatigue analysis program FE-Fatigue. Note that the S-N
diagram for spot welding stored in the commercially available fatigue analysis software FE-Fatigue is used for the S-N
data at the spot-welded portion, and the S-N diagram shown in Fig. 22 is used for the S-N data of the metal material
portion of the member.

6. Press forming condition change

[0110] For the optimization tool, the commercially available iSIGHT is used, in which the blank holder force is changed
within the range from 10 kN to 350 kN, and the computer performs the step 1801 to step 1812 in Fig. 18 repeatedly 70
times, so that the optimum press design conditions maximizing the fatigue life is sought.

7. Result

[0111] As to the relation between the fatigue life and the blank holder force, too small blank holder force leads to large
springback, in which the residual stress affecting the metal material portion and the spot welded portion of the structure
is large, so that the fatigue life falls. Meanwhile, excessively large blank holder force leads to large reduction in the sheet
thickness of the member, in which torsional rigidity (secondary moment of the section) falls to increase the stress
generated at the metal material portion and/or the spot-welded potion, having a tendency to reduce the fatigue life.
Further, an increase in the blank holder force causes a tension fracture at the time of the press formation, making the
formation sometimes be impossible.

[0112] As a result of the search for the optimum press forming conditions by performing repetitive calculations in
accordance with the fatigue designing method according to the present invention, it is found that the blank holder force
is 200 kN and the maximum fatigue life (number of cycles) is 850 thousand times. The member is manufactured based
on the press formed product press formed under this condition, and when the fatigue test is performed under the
conditions: a cyclic fatigue load being the force under completely reversed torsion is 400 Nm, and a frequency of cyclic
load is 5 Hz, using a hydraulic-servo fatigue testing machine exhibiting a maximum force of 10 kN, it is confirmed that,
at the time when the number of cycles reaches to 1050 thousand times, a first crack is generated at the spot welded
portion at the center potion, allowing the fatigue life over the target to be obtained.

[0113] Fig. 24 is a block diagram showing an example computer system serving as a designing apparatus capable of
realizing the designing method of the above-described respective embodiments. In the drawing, "2400" denotes a
computer PC. The PC 2004 includes a CPU 2401 and executes device control software recorded in a ROM 2402 or a
hard disk (HD) 2411 or supplied from a flexible disk drive (FD) 2412 to comprehensively control the respective devices
connected to a system bus 2404.

[0114] The respective functional means of the present embodiment are composed of the programs recorded in the

14



10

15

20

25

30

35

40

45

50

55

EP 1908 539 B1

CPU 2401, the ROM 2402 or the hard disk (HD) 2411 of the above-described PC 2400.

[0115] "2403" denotes a RAM and serves as a main memory of the CPU 2401, a work area, and so on. "2405" denotes
a key board controller (KBC) controlling to input signals inputted from a key board (KB) 2409 into the system itself. "2406"
denotes a display controller (CRTC) controlling a display on a display device (CRT) 2410. "2407" denotes a disk controller
(DKC) controlling access to a boot program (activation program: starts executing (operating) hardware or software in a
personal computer), the hard disk (HD) 2411 recording a plurality of application, edit file, user file, network management
program and so forth, and the flexible disk (FD) 2412.

[0116] "2408" denotes a network interface card (NIC) receiving and sending data interactively with a network printer,
other network equipment or other personal computer via a LAN 2420.

[0117] Note that the present invention is applicable to both a system composed of plural equipment and a device
composed of single equipment.

[0118] Further, not to mention, the object of the present invention can be achieved by supplying a recording medium,
in which program code of software realizing the function of the above-described embodiments is recorded, to a system
or a device and by reading out and executing the program code stored in the recording medium by the computer (CPU
or MPU) of the system or the device.

[0119] In this case, the program code read out from the recording medium itself is to realize the functions of the above-
described embodiments, so that the recording medium recording the program code composes the present invention.
As a recording medium to supply the program code, for example, a flexible disk, a hard disk, an optical disk, a magnetic
optical disk, a CD-ROM, a CD-R, a magnetic tape, an involatile memory card, a ROM, and the like can be used.
[0120] In the above, the present invention has been described together with various embodiments, however, the
present invention is not limited only to these embodiments and can be changed and so forth within the scope of the
present invention.

Industrial Applicability

[0121] According to the present invention, an optimum member designing to obtain a desired performance including
a press forming condition is realized while taking effects of a sheet thickness variation and a work hardening due to a
plastic working when manufacturing a member into consideration.

Claims

1. A member designing method, the member comprising one or more formed products assembled, the method com-
prising:

a first step where a computer performs press forming analysis (2, 72) based on a shape of the member, a blank
holder force, a friction coefficient, a tensile strength of a material, a yield strength, a stress-strain relation, and
a sheet thickness, as press forming conditions, to calculate sheet thickness distribution and post-formation
strain distribution of the one or more formed products; and

a second step performed after the first step, where the computer performs strength analysis (6), crash analysis
(76) or fatigue analysis as performance analysis based on the sheet thickness distribution, the post-formation
strain distribution of the one or more formed products and the shape of the member, to calculate performance
of the member,

wherein the computer changes at least one of the press forming conditions by using an optimization tool, the
at least one of the press forming conditions being the blank holder force;

the computer repeats the calculations performed in the process from said first step through said second step
a predetermined number of times or repeats the calculation until the performance has attained a target value
(8, 78); and

the computer outputs a press forming condition (9, 79) that gives a maximum value of the performance during
performing the calculations a predetermined number of times, a press forming condition that gives the target
value of the performance or a press forming condition that gives a stable region of the performance, as an
optimum press forming condition.

2. The member designing method according to claim 1,
wherein the press forming conditions further include at least one kind or two kinds or more selected from a shape

of the material before forming, a tool shape, and a length of stroke.

3. The member designing method according to claim 1 or claim 2,
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wherein the computer performs the press forming analysis to further calculate post-formation stress distribution,
and

wherein the computer performs the performance analysis of the one or more formed products further based the
post-formation stress distribution.

The member designing method according to any one of claims 1 to 3,

wherein, in said performance analysis, the computer performs crash analysis of the one or more formed products
further based on an impact force, to calculate a crash absorbed energy and a deformation mode, and defines the
crash absorbed energy as the performance of the member.

The member designing method according to any one of claims 1 to 4,
wherein the press forming conditions further include a pad pressure of a punch top portion.

The member designing method according to any one of claims 1 to 5,
wherein the shape of the member is a tailored blank and the computer performs the press forming analysis further
based on a weld line position of the tailored blank.

The member designing method according to any one of claims 4 to 6,
wherein the computer performs crash analysis further based on a joining condition of the member as a crash analysis
condition.

The member designing method according to claim 7,
wherein an optimum joining condition of the member is outputted instead of the optimum press forming condition.

The member designing method according to any one of claims 1 to 3,
wherein in said performance analysis:

after the member is assembled on the computer based on the one or more formed products, the computer
performs springback analysis based on the sheet thickness distribution, the post-formation stress distribution,
and the shape of the member to calculate residual stress distribution of the member;

the computer performs elastic analysis based on the sheet thickness distribution, the shape of the member,
and a static load, as elastic analysis conditions, to calculate post-elastic deformation stress distribution and
post-elastic deformation strain distribution of the member; and

the computer performs fatigue analysis based on the post-formation strain distribution, the residual stress
distribution, the post-elastic deformation stress distribution, the post-elastic deformation strain distribution, and
a fatigue load, as fatigue analysis conditions, to define fatigue life as the performance of the member.

10. The member designing method according to any one of claims 1 to 3,

wherein in said performance analysis:

the computer performs springback analysis based on the sheet thickness distribution, the post-formation stress
distribution, and the shape of the member to calculate displacement distribution of the one or more formed
products;

thereafter, the member is assembled on the computer based on the one or more formed products, and the
computer calculates residual stress distribution of the member and performs elastic analysis based on the sheet
thickness distribution, the shape of the member, and a static load, as elastic analysis conditions, to calculate
post-elastic deformation stress distribution and post-elastic deformation strain distribution of the member; and
the computer performs fatigue analysis based on the post-formation strain distribution, the residual stress
distribution, the post-elastic deformation stress distribution, the post-elastic deformation strain distribution, and
a fatigue load, as fatigue analysis conditions, to define fatigue life as the performance of the member.

11. A member designing apparatus, the member comprising one or more formed products assembled, comprising:

a press forming condition input part adapted for inputting a shape of the member, a blank holder force, a friction
coefficient, a tensile strength of a material, a yield strength, a stress-strain relation, and a sheet thickness as
press forming conditions into a computer;

a press forming analyzer adapted to perform press forming analysis based on the shape of the one or more
formed products or the shape of the member, the blank holder force, the friction coefficient, the tensile strength
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of the material, the yield strength, the stress-strain relation, and the sheet thickness which are inputted via said
press forming condition input part, and to calculate sheet thickness distribution and post-formation strain dis-
tribution of the one or more formed products;

a performance analyzer adapted to perform strength analysis, crash analysis or fatigue analysis after the press
forming analysis, as performance analysis of the one or more formed products based on the sheet thickness
distribution, the post-formation strain distribution of the one or more of the formed products and the shape of
the member, and to calculate performance of the member;

a repetitive calculation controller adapted to change at least one of the press forming conditions by using an
optimization tool, the at least one of the press forming conditions being the blank holder force, and to repeat
the calculations performed in the process from said press forming condition input part through said performance
analyzer a predetermined number of times, or to repeat the calculation until the performance has attained a
target value; and

an optimum forming condition output part adapted to output a press forming condition that gives a maximum
value of the performance during performing the calculations a predetermined number of times, a press forming
condition that gives the target value of the performance or a press forming condition that gives a stable region
of the performance, as an optimum press forming condition.

The member designing apparatus according to claim 11, comprising a press forming input part via which at least
one kind or two kinds or more selected from a shape of the material before forming, a tool shape, and a length of
stroke are further inputted as the press forming conditions.

The member designing apparatus according to claim 11 or claim 12,

wherein said press forming analyzer further calculates post-formation stress distribution, and wherein said perform-
ance analyzer performs the performance analysis of the one or more formed products further based the post-
formation stress distribution.

The member designing apparatus according to any one of claims 11 to 13,

wherein said performance analyzer further performs crash analysis of the one or more formed products further
based on an impact force to calculate a crash absorbed energy and a deformation mode, and defines the crash
absorbed energy as the performance of the member.

The member designing apparatus according to claim 14, further comprising a press forming analysis part further
including a pad pressure of a punch top portion as a press forming condition, and performing press forming analysis
based on the shape of the member, the blank holder force, the friction coefficient, the tensile strength of the material,
the yield strength, the stress-strain relation, the sheet thickness, and the pad pressure of the punch top portion
inputted into said press forming condition input part to calculate the sheet thickness and the strain distribution of
the one or more formed products.

The member designing apparatus according to any one of claims 11 to 15,

wherein the shape of the member is a tailored blank;

wherein a weld line position of the tailored blank is further inputted into said press forming condition input part, and
wherein said member designing apparatus further comprises a press forming analysis part performing press
forming analysis based on the shape of the member, the blank holder force, the friction coefficient, the tensile
strength of the material, the yield strength, the stress-strain relation, the sheet thickness, and the weld line
position of the tailored blank to calculate the sheet thickness distribution and the strain distribution of the one
or more formed products.

The member designing apparatus according to any one of claims 14 to 16,
wherein said performance analyzer includes a crash analyzer that performs crash analysis further based on a joining
condition of the member.

The member designing apparatus according to claim 17, comprising an optimum joining condition output part that
outputs an optimum joining condition of the member, in place of said optimum press forming condition output part

that outputs the optimum press forming condition.

The member designing apparatus according to any one of claims 11 to 13,
wherein said performance analyzer comprises:
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a springback analyzer that, after the member is assembled on a computer based on the one or more formed
products, performs springback analysis based on the sheet thickness distribution, the post-formation stress
distribution, and the shape of the member to calculate residual stress distribution of the member;

an elasticity analyzer that performs elastic analysis based on the sheet thickness distribution, the shape of the
member, and a static load, as elastic analysis conditions, to calculate post-elastic deformation stress distribution
and post-elastic deformation strain distribution of the member; and

a fatigue analyzer that performs fatigue analysis based on the post-formation strain distribution calculated by
said press forming analyzer, the residual stress distribution of the member calculated by said springback ana-
lyzer, the post-elastic deformation stress distribution and the post-elastic deformation strain distribution of the
member calculated by said elasticity analyzer, and a fatigue load, as fatigue analysis conditions, to calculate
fatigue life of the member,

wherein the fatigue life is defined as the performance of the member.

20. The member designing apparatus according to any one of claims 11 to 13,

21.

22.

23.

wherein said performance analyzer comprises:

a springback analyzer that performs springback analysis based on the sheet thickness distribution, the post-
formation stress distribution, and the shape of the member to calculate displacement distribution of the one or
more formed products;

an elasticity analyzer that assembles the member on the computer based on the one or more formed products,
calculates residual stress distribution of the member and performs elastic analysis based on the sheet thickness
distribution calculated by said press forming analyzer, the shape of the member, and a static load, as elastic
analysis conditions, to calculate post-elastic deformation stress distribution and post-elastic deformation strain
distribution of the member; and

a fatigue analyzer that performs fatigue analysis based on the post-formation strain distribution calculated by
said press forming analyzer, the residual stress distribution of the member calculated by said springback ana-
lyzer, the post-elastic deformation stress distribution and the post-elastic deformation strain distribution which
are calculated by said elasticity analyzer, and a fatigue load, as fatigue analysis conditions, to calculate fatigue
life of the member,

wherein the fatigue life is defined as the performance of the member.

A computer program product comprising:

a program code, when the program is executed by a computer, causing the computer to perform press forming
analysis based on a shape of a member comprising one or more formed products assembled, a blank holder
force, a friction coefficient, a tensile strength of a material, a yield strength, a stress-strain relation, and a sheet
thickness, as press forming conditions, and calculate sheet thickness distribution and post-formation strain
distribution of the one or more formed products; and

a program code, when the program is executed by the computer, causing the computer to perform strength
analysis, crash analysis or fatigue analysis after the press forming analysis, as performance analysis of the one
or more formed products based on the sheet thickness distribution, the post- formation strain distribution of the
one or more formed products, the shape of the member, and calculate performance of the member,

wherein, when the program is executed by the computer, the computer is caused to change at least one of the
press forming conditions by using an optimization tool, the at least one of the press forming conditions being
the blank holder force, or repeat the calculation until the performance has attained a target value, and to output
a press forming condition that gives a maximum value of the performance during performing the calculations a
predetermined number of times, a press forming condition that gives the target value of the performance or a
press forming condition that gives a stable region of the performance, as an optimum press forming condition.

The computer program product according to claim 21,
wherein the press forming conditions further include at least one kind or two kinds or more selected from a shape
of the material before forming, a tool shape, and a length of stroke.
The computer program product according to claim 21 or claim 22,
wherein the computer performs the press forming analysis and further calculates post-formation stress distri-

bution, and
wherein the computer performs the performance analysis of the one or more formed products further based on
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the post-formation stress distribution.

The computer program product according to any one of claims 21 to 23,

wherein, in said performance analysis, the computer performs crash analysis of the one or more formed products
further based on an impact force to calculate a crash absorbed energy and a deformation mode, and defines the
crash absorbed energy as the performance of the member.

The computer program product according to any one of claims 21 to 24,
wherein the press forming conditions further include a pad pressure of a punch top portion.

The computer program product according to any one of claims 21 to 25,
wherein the shape of the member is a tailored blank and the computer performs the press forming analysis further
based on a weld line position of the tailored blank.

The computer program product according to any one of claims 24 to 26,
wherein the computer performs crash analysis further based on a joining condition of the member as a crash analysis
condition.

The computer program product according to claim 27,
wherein an optimum joining condition of the member is outputted instead of the optimum press forming condition.

The computer program product according to any one of claims 21 to 23,
wherein, in said performance analysis:

after the member is assembled based on the one or more formed products, the computer performs springback
analysis based on the sheet thickness distribution, the post-formation stress distribution, and the shape of the
member to calculate residual stress distribution of the member;

the computer performs elastic analysis based on the sheet thickness distribution, the shape of the member,
and a static load, as elastic analysis conditions, to calculate post-elastic deformation stress distribution and
post-elastic deformation strain distribution of the member; and

the computer performs fatigue analysis based on the post-formation strain distribution, the residual stress
distribution, the post-elastic deformation stress distribution, the post-elastic deformation strain distribution, and
a fatigue load, as fatigue analysis conditions, to define fatigue life as the performance of the member.

The computer program product according to any one of claims 21 to 23,
wherein, in said performance analysis:

the computer performs springback analysis based on the sheet thickness distribution, the post-formation stress
distribution, and the shape of the member to calculate displacement distribution of the one or more formed
products;

thereafter the member is assembled on the computer based on the one or more formed products, and the
computer calculates residual stress distribution of the member and performs elastic analysis based on the sheet
thickness distribution, the shape of the member, and a static load, as elastic analysis conditions, to calculate
post-elastic deformation stress distribution and post-elastic deformation strain distribution of the member; and
the computer performs fatigue analysis based on the post-formation strain distribution, the residual stress
distribution, the post-elastic deformation stress distribution, the post-elastic deformation strain distribution, and
a fatigue load, as fatigue analysis conditions, to define fatigue life as the performance of the member.

A computer-readable recording medium in which the computer program product according to any one of claims 21
to 30 is recorded.

Patentanspriiche

1.

Verfahren zum Auslegen eines Elements, wobei das Element ein oder mehrere zusammengesetzte geformte Pro-
dukte aufweist, wobei das Verfahren aufweist:

einen ersten Schritt, bei dem ein Computer eine Pressformungsanalyse (2, 72) auf Basis einer Form des
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Elements, einer Niederhalterkraft, eines Reibungskoeffizienten, einer Zugfestigkeiteines Materials, einer Streck-
grenze, einer Spannungs-Dehnungs-Beziehung und einer Blechdicke als Pressformungsbedingungen durch-
fuhrt, um die Blechdickenverteilung und die Dehnungsverteilung nach der Formung des einen oder der mehreren
geformten Produkte zu berechnen; und

einen zweiten Schritt, der nach dem ersten Schritt durchgefiihrt wird, wobei der Computer eine Festigkeitsa-
nalyse (6), eine Crash-Analyse (76) oder eine Ermiidungsanalyse als Leistungsanalyse auf Basis der Blechdi-
ckenverteilung, der Dehnungsverteilung nach der Formung des einen oder der mehreren geformten Produkte
und der Form des Elements durchfiihrt, um die Leistungsféhigkeit des Elements zu berechnen,

wobei der Computer mindestens eine der Pressformungsbedingungen unter Verwendung eines Optimierungs-
werkzeugs andert, wobei die mindestens eine der Pressformungsbedingungen die Niederhalterkraft ist;

der Computer die in dem Verfahren durchgefiihrten Berechnungen von dem ersten Schritt bis zu dem zweiten
Schritt eine vorbestimmte Anzahl von Malen wiederholt oder die Berechnung wiederholt, bis die Leistungsfa-
higkeit einen Zielwert (8, 78) erreicht hat; und

der Computer eine Pressformungsbedingung (9, 79), die wahrend der Durchfiihrung der Berechnungen eine
vorbestimmte Anzahl von Malen einen Maximalwert der Leistungsfahigkeit ergibt, eine Pressformungsbedin-
gung, die den Zielwert der Leistungsfahigkeit ergibt, oder eine Pressformungsbedingung, die einen stabilen
Bereich der Leistungsfahigkeit ergibt, als optimale Pressformungsbedingung ausgibt.

Verfahren zum Auslegen eines Elements nach Anspruch 1,
wobei die Pressformungsbedingungen ferner mindestens eine Art oder zwei Arten oder mehr umfassen, die aus
einer Form des Materials vor dem Formen, einer Werkzeugform und einer Hublange ausgewahlt sind.

Verfahren zum Auslegen eines Elements nach Anspruch 1 oder Anspruch 2,

wobei der Computer die Pressformungsanalyse durchfiihrt, um ferner die Spannungsverteilung nach der For-
mung zu berechnen, und

wobei der Computer die Leistungsanalyse des einen oder der mehreren geformten Produkte ferner auf Basis
der Spannungsverteilung nach der Formung durchfiihrt.

Verfahren zum Auslegen eines Elements nach Anspruch 1 bis 3,

wobei der Computer bei der Leistungsanalyse eine Crash-Analyse des einen oder der mehreren geformten Produkte
durchfiihrt, die ferner auf einer Aufprallkraft basiert, um eine absorbierte Crash-Energie und einen Deformations-
modus zu berechnen, und die absorbierte Crash-Energie als Leistungsfahigkeit des Elements definiert.

Verfahren zum Auslegen eines Elements nach Anspruch 1 bis 4,
wobei die Pressformungsbedingungen ferner einen Gegenstempeldruck eines Stempeloberteils umfassen.

Verfahren zum Auslegen eines Elements nach Anspruch 1 bis 5,
wobei die Form des Elements ein Tailored Blank ist und der Computer die Pressformungsanalyse ferner auf Basis
einer Schweillinienposition des Tailored Blank durchfiihrt.

Verfahren zum Auslegen eines Elements nach Anspruch 4 bis 6,
wobei der Computer die Crash-Analyse ferner auf Basis eines Fligungszustands des Elements als Crash-Analyse-
bedingung durchfiihrt.

Verfahren zum Auslegen eines Elements nach Anspruch 7,
wobei anstelle des optimalen Pressformungszustandes ein optimaler Fligungszustand des Elements ausgegeben
wird.

Verfahren zum Auslegen eines Elements nach Anspruch 1 bis 3,
wobei der Computer bei der Leistungsanalyse:

nach dem Zusammenbau des Elements am Computer auf Basis des einen oder der mehreren geformten
Produkte eine Rickfederungsanalyse auf Basis der Blechdickenverteilung, der Spannungsverteilung nach dem
Formen und der Form des Elements durchfiihrt, um die Restspannungsverteilung des Elements zu berechnen;
eine elastische Analyse auf Basis der Blechdickenverteilung, der Form des Elements und einer statischen Last
als elastische Analysebedingungen durchfiihrt, um die postelastische Deformationsspannungsverteilung und
die postelastische Deformationsdehnungsverteilung des Elements zu berechnen; und
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eine Ermidungsanalyse auf Basis der Dehnungsverteilung nach dem Formen, der Restspannungsverteilung,
der postelastischen Deformationsspannungsverteilung, der postelastischen Deformationsdehnungsverteilung
und einer Ermuidungslast als Ermidungsanalysebedingungen durchfiihrt, um die Ermidungslebensdauer als
Leistungsfahigkeit des Elements zu definieren.

Verfahren zum Auslegen eines Elements nach Anspruch 1 bis 3, wobei der Computer bei der Leistungsanalyse:

eine Ruckfederungsanalyse auf Basis der Blechdickenverteilung, der Spannungsverteilung nach dem Formen
und der Form des Elements durchfiihrt, um die Verformungsverteilung des einen oder der mehreren geformten
Produkte zu berechnen;

nach dem Zusammensetzen des Elements am Computer auf Basis des einen oder der mehreren geformten
Produkte die Restspannungsverteilung des Elements berechnet und eine elastische Analyse auf Basis der
Blechdickenverteilung, der Form des Elements und einer statischen Last als elastische Analysebedingungen
durchfuhrt, um die postelastische Deformationsspannungsverteilung und die postelastische Deformationsdeh-
nungsverteilung des Elements zu berechnen; und

eine Ermidungsanalyse auf Basis der Dehnungsverteilung nach dem Formen, der Restspannungsverteilung,
der postelastischen Deformationsspannungsverteilung, der postelastischen Deformationsdehnungsverteilung
und einer Ermuidungslast als Ermidungsanalysebedingungen durchfiihrt, um die Ermidungslebensdauer als
Leistungsfahigkeit des Elements zu definieren.

Vorrichtung zum Auslegen eines Elements, wobei das Element ein oder mehrere zusammengesetzte geformte
Produkte umfasst, aufweisend:

ein Pressformungsbedingungs-Eingabeteil, das zum Eingeben einer Form des Elements, einer Niederhalter-
kraft, eines Reibungskoeffizienten, einer Zugfestigkeit eines Materials,

einer Streckgrenze, einer Spannungs-Dehnungs-Beziehung und einer Blechdicke als Pressformungsbedingun-
gen in einen Computer ausgelegt ist;

einen Pressformungsanalysator, der zum Durchfliihren einer Pressformungsanalyse auf Basis der Form des
einen oder der mehreren geformten Produkte oder der Form des Elements, der Niederhalterkraft, des Rei-
bungskoeffizienten, der Zugfestigkeit des Materials, der Streckgrenze, der Spannungs-Dehnungs-Beziehung
und der Blechdicke, die Uber das Pressformungsbedingungs-Eingangsteil eingegeben werden, und zum Be-
rechnen der Blechdickenverteilung und der Dehnungsverteilung nach dem Formen des einen oder der mehreren
geformten Produkte ausgelegt ist;

einen Leistungsanalysator, der zum Durchfiihren einer Festigkeitsanalyse, einer Crash-Analyse oder einer
Ermidungsanalyse nach der Pressformungsanalyse als Leistungsanalyse des einen oder der mehreren ge-
formten Produkte auf Basis der Blechdickenverteilung, der Dehnungsverteilung nach dem Formen des einen
oder der mehreren geformten Produkte und der Form des Elements und zum Berechnen der Leistungsfahigkeit
des Elements ausgelegt ist;

eine Wiederholungsberechnungssteuerung, die zum Andern mindestens einer der Pressformungsbedingungen
unter Verwendung eines Optimierungswerkzeugs, wobei die mindestens eine der Pressformungsbedingungen
die Niederhalterkraftist, und zum Wiederholen derindem Prozess vom Pressformungsbedingungs-Eingangsteil
durch den Leistungsanalysator durchgefiihrten Berechnungen eine vorbestimmte Anzahl von Malen oder bis
die Leistungsfahigkeit einen Zielwert erreicht hat, ausgelegt ist;

und

ein Ausgabeteil fir optimale Formungsbedingungen, das zum Ausgeben einer Pressformungsbedingung, die
wahrend der Durchfiihrung der Berechnungen eine vorbestimmte Anzahl von Malen einen Maximalwert der
Leistungsfahigkeit ergibt, einer Pressformungsbedingung, die den Zielwert der Leistungsfahigkeit ergibt, oder
einer Pressformungsbedingung, die einen stabilen Bereich der Leistungsfahigkeit ergibt, als optimale Press-
formungsbedingung ausgelegt ist.

Vorrichtung zum Auslegen eines Elements nach Anspruch 11, die ein Pressformungseingangsteil umfasst, tber
das mindestens eine Art oder zwei Arten oder mehr, die aus einer Form des Materials vor dem Formen, einer
Werkzeugform und einer Hublange ausgewahlt sind, ferner als Pressformungsbedingungen eingegeben werden.

Vorrichtung zum Auslegen eines Elements nach Anspruch 11 oder Anspruch 12,

wobei der Pressformungsanalysator ferner die Spannungsverteilung nach dem Formen berechnet und wobei der
Leistungsanalysator die Leistungsanalyse des einen oder der mehreren geformten Produkte ferner auf Basis der
Spannungsverteilung nach dem Formen durchfiihrt.
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Vorrichtung zum Auslegen eines Elements nach Anspruch 11 bis 13,

wobei der Leistungsanalysator ferner eine Crash-Analyse des einen oder der mehreren geformten Produkte durch-
fuhrt, die ferner auf einer Aufprallkraft basiert, um eine absorbierte Crash-Energie und einen Deformationsmodus
zu berechnen, und die absorbierte Crash-Energie als Leistungsfahigkeit des Elements definiert.

Vorrichtung zum Auslegen eines Elements nach Anspruch 14, die ferner ein Pressformungsanalyseteil aufweist,
das ferner einen Gegenstempeldruck eines Stempeloberteils als Pressformungsbedingung umfasst, und die eine
Pressformungsanalyse auf Basis der Form des Elements, der Niederhalterkraft, des Reibungskoeffizienten, der
Zugdfestigkeit des Materials, der Streckgrenze, der Spannungs-Dehnungs-Beziehung, der Blechdicke und des Ge-
genstempeldrucks des Stempeloberteils durchfiihrt, die in das Pressformungsbedingungs-Eingabeteil eingegeben
werden, um die Blechdicke und die Dehnungsverteilung des einen oder der mehreren geformten Produkte zu
berechnen.

Vorrichtung zum Auslegen eines Elements nach Anspruch 11 bis 15,

wobei die Form des Elements ein Tailored Blank ist;

wobei eine Schweillinienposition des Tailored Blank ferner in das Pressformungsbedingungs-Eingabeteil ein-
gegeben wird, und

wobei die Vorrichtung zum Auslegen eines Elements ferner ein Pressformungsanalyseteil umfasst, das eine
Pressformungsanalyse auf Basis der Form des Elements, der Niederhalterkraft, des Reibungskoeffizienten,
der Zugfestigkeit des Materials, der Streckgrenze, der Spannungs-Dehnungs-Beziehung, der Blechdicke und
der Schweil3linienposition des Tailored Blank durchfiihrt, um die Blechdickenverteilung und die Dehnungsver-
teilung des einen oder der mehreren geformten Produkte zu berechnen.

Vorrichtung zum Auslegen eines Elements nach einem der Anspriiche 14 bis 16, wobei der Leistungsanalysator
einen Crash-Analysator umfasst, der eine Crash-Analyse ferner auf Basis eines Fligungszustands des Elements
durchfiihrt.

Vorrichtung zum Auslegen eines Elements nach Anspruch 17, das anstelle des Ausgabeteils fiir optimale Formungs-
bedingungen, das die optimale Pressformungsbedingung ausgibt, ein Ausgabeteil fir optimale Fligungszustande
umfasst, das einen optimalen Fligungszustand des Elements ausgibt.

Vorrichtung zum Auslegen eines Elements nach einem der Anspriiche 11 bis 13, wobei der Leistungsanalysator
aufweist:

einen Rickfederungsanalysator, der nach dem Zusammenbau des Elements am Computer auf Basis des einen
oder der mehreren geformten Produkte eine Riickfederungsanalyse auf Basis der Blechdickenverteilung, der
Spannungsverteilung nach dem Formen und der Form des Elements durchfiihrt, um die Restspannungsvertei-
lung des Elements zu berechnen;

einen Elastizitatsanalysator, der eine elastische Analyse auf Basis der Blechdickenverteilung, der Form des
Elements und einer statischen Last als elastische Analysebedingungen durchfiihrt, um die postelastische De-
formationsspannungsverteilung und die postelastische Deformationsdehnungsverteilung des Elements zu be-
rechnen; und

einen Ermidungsanalysator, der eine Ermidungsanalyse auf Basis der durch den Pressformungsanalysator
berechneten Dehnungsverteilung nach dem Formen, der durch den Rickfederungsanalysator berechneten
Restspannungsverteilung des Elements, der durch den Elastizitdtsanalysator berechneten postelastischen De-
formationsspannungsverteilung und der postelastischen Deformationsdehnungsverteilung des Elements und
einer Ermiudungslast als Ermidungsanalysebedingungen durchfiihrt, um die Ermidungslebensdauer des Ele-
ments zu berechnen,

wobei die Ermidungslebensdauer als Leistungsfahigkeit des Elements definiert ist.

20. Vorrichtung zum Auslegen eines Elements nach einem der Anspriiche 11 bis 13, wobei der Leistungsanalysator

aufweist:

einen Rickfederungsanalysator, der eine Rickfederungsanalyse auf Basis der Blechdickenverteilung, der
Spannungsverteilung nach dem Formen und der Form des Elements durchfiihrt, um die Verformungsverteilung
des einen oder der mehreren geformten Produkte zu berechnen;

einen Elastizitdtsanalysator, der das Element am Computer auf Basis des einen oder der mehreren geformten
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Produkte zusammensetzt, die Restspannungsverteilung des Elements berechnet und eine elastische Analyse
auf Basis der durch den Pressformungsanalysator berechneten Blechdickenverteilung, der Form des Elements
und einer statischen Last als elastische Analysebedingungen durchfiihrt, um die postelastische Deformations-
spannungsverteilung und die postelastische Deformationsdehnungsverteilung des Elements zu berechnen; und
einen Ermidungsanalysator, der eine Ermidungsanalyse auf Basis der durch den Pressformungsanalysator
berechneten Dehnungsverteilung nach dem Formen, der durch den Rickfederungsanalysator berechneten
Restspannungsverteilung des Elements, der durch den Elastizitdtsanalysator berechneten postelastischen De-
formationsspannungsverteilung und der postelastischen Deformationsdehnungsverteilung und einer Ermi-
dungslast als Ermidungsanalysebedingungen durchfiihrt, um die Ermiudungslebensdauer des Elements zu
berechnen,

wobei die Ermidungslebensdauer als Leistungsfahigkeit des Elements definiert ist.

Computerprogrammprodukt, aufweisend:

einen Programmcode, der bei Ausflihrung des Programms durch einen Computer den Computer veranlasst,
eine Pressformungsanalyse auf Basis einer Form eines Elements, das eines oder mehrere zusammengesetzte
Produkte umfasst, einer Niederhalterkraft, eines Reibungskoeffizienten, einer Zugfestigkeit eines Materials,
einer Streckgrenze, einer Spannungs-Dehnungs-Beziehung und einer Blechdicke als Pressformungsbedingun-
gen durchfiihrt, um die Blechdickenverteilung und die Dehnungsverteilung nach der Formung des einen oder
der mehreren geformten Produkte zu berechnen; und

einen Programmcode, der bei Ausfiihrung des Programms durch den Computer den Computer veranlasst, nach
der Pressformungsanalyse eine Festigkeitsanalyse, eine Crash-Analyse oder eine Ermidungsanalyse als Leis-
tungsanalyse des einen oder der mehreren geformten Produkte auf Basis der Blechdickenverteilung, der Deh-
nungsverteilung nach dem Formen des einen oder der mehreren geformten Produkte und der Form des Elements
durchzufiihren und die Leistungsfahigkeit des Elements zu berechnen,

wobei bei Ausfiihrung des Programms durch den Computer der Computer veranlasst wird, durch Verwendung
eines Optimierungswerkzeugs mindestens eine der Pressformungsbedingungen zu dndern, wobei die mindes-
tens eine der Pressformungsbedingungen die Niederhalterkraft ist, oder die Berechnung zu wiederholen, bis
die Leistungsfahigkeit einen Zielwert erreicht hat, und eine Pressformungsbedingung, die einen maximalen
Wert der Leistungsfahigkeit wahrend der Durchflihrung der Berechnungen eine vorbestimmte Anzahl von Malen
ergibt, eine Pressformungsbedingung, die den Zielwert der Leistungsfahigkeit ergibt, oder eine Pressformungs-
bedingung, die einen stabilen Bereich der Leistungsfahigkeit ergibt, als optimale Pressformungsbedingung
auszugeben.

Computerprogrammprodukt nach Anspruch 21,
wobei die Pressformungsbedingungen ferner mindestens eine Art oder zwei Arten oder mehr umfassen, die aus
einer Form des Materials vor dem Formen, einer Werkzeugform und einer Hublange ausgewahilt sind.

Computerprogrammprodukt nach Anspruch 21 oder Anspruch 22,
wobei der Computer die Pressformungsanalyse durchfiihrt und ferner die Spannungsverteilung nach dem Formen
berechnet, und wobei der Computer die Leistungsanalyse des einen oder der mehreren geformten Produkte ferner
auf Basis der Spannungsverteilung nach dem Formen durchfihrt.

Computerprogrammprodukt nach einem der Anspriiche 21 bis 23,

wobei der Computer bei der Leistungsanalyse eine Crash-Analyse des einen oder der mehreren geformten Produkte
durchfiihrt, die ferner auf einer Aufprallkraft basiert, um eine absorbierte Crash-Energie und einen Deformations-
modus zu berechnen, und die absorbierte Crash-Energie als Leistungsfahigkeit des Elements definiert.

Computerprogrammprodukt nach einem der Anspriiche 21 bis 24,
wobei die Pressformungsbedingungen ferner einen Gegenstempeldruck eines Stempeloberteils umfassen.

Computerprogrammprodukt nach einem der Anspriiche 21 bis 25,
wobei die Form des Elements ein Tailored Blank ist und der Computer die Pressformungsanalyse ferner auf Basis
einer Schweillinienposition des Tailored Blank durchfiihrt.

Computerprogrammprodukt nach einem der Anspriiche 24 bis 26,

wobei der Computer die Crash-Analyse ferner auf Basis eines Fligungszustands des Elements als Crash-Analyse-
bedingung durchfiihrt.
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Computerprogrammprodukt nach Anspruch 27,
wobei anstelle des optimalen Pressformungszustandes ein optimaler Fligungszustand des Elements ausgegeben
wird.

Computerprogrammprodukt nach einem der Anspriiche 21 bis 23, wobei der Computer bei der Leistungsanalyse:

nach dem Zusammenbau des Elements auf Basis des einen oder der mehreren geformten Produkte eine
Rickfederungsanalyse auf Basis der Blechdickenverteilung, der Spannungsverteilung nach dem Formen und
der Form des Elements durchfiihrt, um die Restspannungsverteilung des Elements zu berechnen;

eine elastische Analyse auf Basis der Blechdickenverteilung, der Form des Elements und einer statischen Last
als elastische Analysebedingungen durchfiihrt, um die postelastische Deformationsspannungsverteilung und
die postelastische Deformationsdehnungsverteilung des Elements zu berechnen; und

eine Ermidungsanalyse auf Basis der Dehnungsverteilung nach dem Formen, der Restspannungsverteilung,
der postelastischen Deformationsspannungsverteilung, der postelastischen Deformationsdehnungsverteilung
und einer Ermuidungslast als Ermidungsanalysebedingungen durchfiihrt, um die Ermidungslebensdauer als
Leistungsfahigkeit des Elements zu definieren.

30. Computerprogrammprodukt nach einem der Anspriiche 21 bis 23,

wobei der Computer bei der Leistungsanalyse:

eine Rickfederungsanalyse auf Basis der Blechdickenverteilung, der Spannungsverteilung nach dem Formen
und der Form des Elements durchfiihrt, um die Verformungsverteilung des einen oder der mehreren geformten
Produkte zu berechnen;

nach dem Zusammensetzen des Elements am Computer auf Basis des einen oder der mehreren geformten
Produkte die Restspannungsverteilung des Elements berechnet und eine elastische Analyse auf Basis der
Blechdickenverteilung, der Form des Elements und einer statischen Last als elastische Analysebedingungen
durchfihrt, um die postelastische Deformationsspannungsverteilung und die postelastische Deformationsdeh-
nungsverteilung des Elements zu berechnen; und

eine Ermidungsanalyse auf Basis der Dehnungsverteilung nach dem Formen, der Restspannungsverteilung,
der postelastischen Deformationsspannungsverteilung, der postelastischen Deformationsdehnungsverteilung
und einer Ermuidungslast als Ermidungsanalysebedingungen durchfiihrt, um die Ermidungslebensdauer als
Leistungsfahigkeit des Elements zu definieren.

31. Computerlesbares Aufzeichnungsmedium, auf dem das Computerprogrammprodukt nach einem der Anspriiche 21

bis 30 aufgezeichnet ist.

Revendications

1.

Procédé de conception d’élément, I'élément comprenant un ou plusieurs produits formés assemblés, le procédé
comprenant :

une premiére étape au cours de laquelle un ordinateur met en ceuvre une analyse de formage sous pression
(2, 72) sur la base d’'une forme de I'élément, d’une force de serre-flan, d’un coefficient de frottement, d’'une
résistance a la traction d’'un matériau, d’une limite d’élasticité, d’une relation de contrainte-effort, et d’'une épais-
seur de tole, en tant que des conditions de formage sous pression, en vue de calculer une répartition d’épaisseur
de tble et une répartition d’efforts apres formage dudit un ou desdits plusieurs produits formés ; et

une seconde étape, mise en ceuvre aprés la premiere étape, dans laquelle I'ordinateur met en ceuvre une
analyse de résistance (6), une analyse d’écrasement (76) ou une analyse de fatigue, en tant qu’une analyse
de performance sur la base de la répartition d’épaisseur de tble, de la répartition d’efforts aprés formage dudit
un ou desdits plusieurs produits formés, et de la forme de I'élément, en vue de calculer la performance de
I'élément ;

dans lequel I'ordinateur modifie au moins I'une des conditions de formage sous pression en utilisant un outil
d’optimisation, ladite au moins une des conditions de formage sous pression étant la force de serre-flan ;
'ordinateur répete les calculs mis en ceuvre dans le processus, de ladite premiére étape a ladite seconde étape,
un nombre prédéterminé de fois, ou répéte le calcul jusqu’a ce que la performance ait atteint une valeur cible
(8,78); et

I'ordinateur fournit en sortie une condition de formage sous pression (9, 79) qui donne une valeur maximale de
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la performance pendant la mise en ceuvre des calculs un nombre prédéterminé de fois, une condition de formage
sous pression qui donne la valeur cible de la performance, ou une condition de formage sous pression qui
donne une région stable de la performance, en tant qu’une condition de formage sous pression optimale.

Procédé de conception d’élément selon la revendication 1,
dans lequel les conditions de formage sous pression incluent en outre au moins un type ou deux types ou plus,
sélectionnés parmi une forme du matériau avant formage, une forme d’outil et une longueur de course.

Procédé de conception d’élément selon la revendication 1 ou 2,

dans lequel I'ordinateur met en ceuvre I'analyse de formage sous pression en vue de calculer en outre une
répartition de contraintes aprés formage ; et

dans lequel 'ordinateur met en ceuvre 'analyse de performance dudit un ou desdits plusieurs produits formés
en outre sur la base de la répartition de contraintes aprés formage.

Procédé de conception d’élément selon I'une quelconque des revendications 1 a 3,

dans lequel, dans le cadre de ladite analyse de performance, I'ordinateur met en ceuvre une analyse d’écrasement
dudit un ou desdits plusieurs produits formés, en outre sur la base d’une force de frappe, en vue de calculer une
énergie absorbée par I'’écrasement et un mode de déformation, et définitl’énergie absorbée par’écrasement comme
étant la performance de I'élément.

Procédé de conception d’élément selon I'une quelconque des revendications 1 a 4,
dans lequel les conditions de formage sous pression incluent en outre une pression de surface de contact d’'une
partie supérieure de poingon.

Procédé de conception d’élément selon I'une quelconque des revendications 1 a 5,
dans lequel la forme de I'élément est un flan sur mesure et I'ordinateur met en ceuvre I'analyse de formage sous
pression en outre sur la base d’une position de ligne de soudure du flan sur mesure.

Procédé de conception d’élément selon I'une quelconque des revendications 4 a 6,
dans lequel I'ordinateur met en ceuvre I'analyse d’écrasement en outre sur la base d’'une condition d’assemblage
de I'élément, en tant qu’une condition d’analyse d’écrasement.

Procédé de conception d’élément selon la revendication 7,
dans lequel une condition d’assemblage optimale de I'élément est fournie en sortie au lieu de la condition de formage
sous pression optimale.

Procédé de conception d’élément selon I'une quelconque des revendications 1 a 3,
dans lequel, dans le cadre de ladite analyse de performance :

apres I'assemblage de I'élément, sur I'ordinateur, sur la base dudit un ou desdits plusieurs produits formés,
I'ordinateur met en ceuvre une analyse de retour élastique sur la base de la répartition d’épaisseur de tole, de
la répartition de contraintes aprés formage et de la forme de I'élément, en vue de calculer une répartition de
contraintes résiduelles de I'élément ;

I'ordinateur met en ceuvre une analyse élastique sur la base de la répartition d’épaisseur de tble, de la forme
de I'élément, et d’'une charge statique, en tant que des conditions d’analyse élastique, en vue de calculer une
répartition de contraintes de déformation post-élastique et une répartition d’efforts de déformation post-élastique
de I'élément ; et

'ordinateur met en ceuvre une analyse de fatigue sur la base de la répartition d’efforts apres formage, de la
répartition de contraintes résiduelles, de la répartition de contraintes de déformation post-élastique, de la ré-
partition d’efforts de déformation post-élastique et d’'une charge de fatigue, en tant que des conditions d’analyse
de fatigue, en vue de définir la résistance a la fatigue en tant que la performance de I'élément.

10. Procédé de conception d’élément selon I'une quelconque des revendications 1 a 3,

dans lequel, dans le cadre de ladite analyse de performance :

I'ordinateur met en ceuvre une analyse de retour élastique sur la base de la répartition d’épaisseur de tole, de
la répartition de contraintes aprés formage et de la forme de I'élément, en vue de calculer une répartition de
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déplacement dudit un ou desdits plusieurs produits formés ;

ensuite, 'élément est assemblé sur I'ordinateur sur la base dudit un ou desdits plusieurs produits formés, et
I'ordinateur calcule une répartition de contraintes résiduelles de I'élément et met en ceuvre une analyse élastique
sur la base de la répartition d’épaisseur de tole, de la forme de I'élément, et d’'une charge statique, en tant que
des conditions d’analyse élastique, en vue de calculer une répartition de contraintes de déformation post-
élastique et une répartition d’efforts de déformation post-élastique de I'élément ; et

'ordinateur met en ceuvre une analyse de fatigue sur la base de la répartition d’efforts apres formage, de la
répartition de contraintes résiduelles, de la répartition de contraintes de déformation post-élastique, de la ré-
partition d’efforts de déformation post-élastique et d’'une charge de fatigue, en tant que des conditions d’analyse
de fatigue, en vue de définir la résistance a la fatigue en tant que la performance de I'élément.

Appareil de conception d’élément, I'élément comprenant un ou plusieurs produits formés assemblés, comprenant :

une partie d’entrée de conditions de formage sous pression apte a entrer une forme de I'élément, une force de
serre-flan, un coefficient de frottement, une résistance a la traction d’un matériau, une limite d’élasticité, une
relation de contrainte-effort, et une épaisseur de toéle, en tant que des conditions de formage sous pression,
dans un ordinateur ;

un module d’analyse de formage sous pression apte a mettre en ceuvre une analyse de formage sous pression
sur la base de la forme dudit un ou desdits plusieurs produits formés, ou de la forme de I'élément, de la force
de serre-flan, du coefficient de frottement, de la résistance a la traction du matériau, de la limite d’élasticité, de
la relation de contrainte-effort et de I'épaisseur de tole qui sont entrés par I'intermédiaire de ladite partie d’entrée
de conditions de formage sous pression, et a calculer une répartition d’épaisseur de tole et une répartition
d’efforts aprés formage dudit un ou desdits plusieurs produits formés ;

un module d’analyse de performance apte a mettre en ceuvre une analyse de résistance, une analyse d’écra-
sement ou une analyse de fatigue aprés I'analyse de formage sous pression, en tant qu'une analyse de per-
formance dudit un ou desdits plusieurs produits formés sur la base de la répartition d’épaisseur de tole, de la
répartition d’efforts aprés formage dudit un ou desdits plusieurs produits formés, et de la forme de I'élément,
et a calculer une performance de I'élément ;

un contréleur de calcul répétitif apte a modifier au moins I'une des conditions de formage sous pression en
utilisant un outil d’optimisation, ladite au moins une des conditions de formage sous pression étant la force de
serre-flan, et a répéter les calculs mis en ceuvre dans le processus, a partir de ladite partie d’entrée de conditions
de formage sous pression, par I'intermédiaire dudit module d’analyse de performance, un nombre prédéterminé
de fois, ou a répéter le calcul jusqu’a ce que la performance ait atteint une valeur cible ; et

une partie de fourniture en sortie de condition de formage sous pression optimale apte a fournir en sortie une
condition de formage sous pression qui donne une valeur maximale de la performance pendant la mise en
ceuvre des calculs, un nombre prédéterminé de fois, une condition de formage sous pression qui donne la
valeur cible de la performance, ou une condition de formage sous pression qui donne une région stable de la
performance, en tant qu'une condition de formage sous pression optimale.

Appareil de conception d’élément selon la revendication 11, comprenant une partie d’entrée de formage sous
pression par l'intermédiaire de laquelle au moins un type ou deux types ou plus, sélectionnés parmi une forme du
matériau avant formage, une forme d’outil, et une longueur de course, sont en outre entrés en tant que les conditions
de formage sous pression.

Appareil de conception d’élément selon la revendication 11 ou 12, dans lequel ledit module d’analyse de formage
sous pression calcule en outre une répartition de contraintes aprées formage, et dans lequel ledit module d’analyse
de performance met en ceuvre I'analyse de performance dudit un ou desdits plusieurs produits formés, en outre sur
la base de la répartition de contraintes aprés formage.

Appareil de conception d’élément selon I'une quelconque des revendications 11 a 13,

dans lequel ledit module d’analyse de performance met en outre en ceuvre une analyse d’écrasement dudit un ou
desdits plusieurs produits formés, en outre sur la base d’'une force de frappe, en vue de calculer une énergie
absorbée par I'écrasement et un mode de déformation, et définit 'énergie absorbée par I'écrasement comme étant
la performance de I'élément.

Appareil de conception d’élément selon la revendication 14, comprenant en outre une partie d’analyse de formage

sous pression incluant en outre une pression de surface de contact d’'une partie supérieure de poingon en tant
qu’une condition de formage sous pression, et mettant en ceuvre une analyse de formage sous pression sur la base
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de la forme de I'élément, de la force de serre-flan, du coefficient de frottement, de la résistance a la traction du
matériau, de la limite d’élasticité, de la relation de contrainte-effort, de I'épaisseur de tble, et de la pression de
surface de contact de la partie supérieure de poingon, entrés dans ladite partie d’entrée de conditions de formage
sous pression, en vue de calculer I'épaisseur de tole et la répartition d’efforts dudit un ou desdits plusieurs produits
formés.

Appareil de conception d’élément selon I'une quelconque des revendications 11 a 15,

dans lequel la forme de I'élément est un flan sur mesure ;

dans lequel une position de ligne de soudure du flan sur mesure est en outre entrée dans ladite partie d’entrée
de conditions de formage sous pression ; et

dans lequel ledit appareil de conception d’élément comprend en outre une partie d’analyse de formage sous
pression mettant en ceuvre une analyse de formage sous pression sur la base de la forme de I'élément, de la
force de serre-flan, du coefficient de frottement, de la résistance a la traction du matériau, de la limite d’élasticité,
de larelation de contrainte-effort, de I'épaisseur de tble, et de la position de ligne de soudure du flan sur mesure,
envue de calculer la répartition d’épaisseur de tole et la répartition d’efforts dudit un ou desdits plusieurs produits
formés.

Appareil de conception d’élément selon I'une quelconque des revendications 14 a 16,
dans lequel ledit module d’analyse de performance inclut un module d’analyse d’écrasement qui met en ceuvre une
analyse d’écrasement en outre sur la base d’'une condition d’assemblage de I'élément.

Appareil de conception d’élément selon la revendication 17, comprenant une partie de fourniture en sortie de
condition d’assemblage optimale qui fournit en sortie une condition d’assemblage optimale de I'élément, a la place
de ladite partie de fourniture en sortie de condition de formage sous pression optimale qui fournit en sortie la condition
de formage sous pression optimale.

Appareil de conception d’élément selon I'une quelconque des revendications 11 a 13,
dans lequel ledit module d’analyse de performance comprend :

un module d’analyse de retour élastique qui, aprés 'assemblage de I'élément sur un ordinateur, sur la base
dudit un ou desdits plusieurs produits formés, met en ceuvre une analyse de retour élastique sur la base de la
répartition d’épaisseur de tole, de la répartition de contraintes aprés formage, et de la forme de I'élément, en
vue de calculer une répartition de contraintes résiduelles de I'élément ;

un module d’analyse d’élasticité qui met en ceuvre une analyse élastique sur la base de la répartition d’épaisseur
de tble, de la forme de I'élément, et d’'une charge statique, en tant que des conditions d’analyse élastique, en
vue de calculer une répartition de contraintes de déformation post-élastique et une répartition d’efforts de
déformation post-élastique de I'élément ; et

un module d’analyse de fatigue qui met en ceuvre une analyse de fatigue sur la base de la répartition d’efforts
apres formage calculée par ledit module d’analyse de formage sous pression, de la répartition de contraintes
résiduelles de I'élément, calculée par ledit module d’analyse de retour élastique, de la répartition de contraintes
de déformation post-élastique et de la répartition d’efforts de déformation post-élastique de I'élément, calculées
par ledit module d’analyse d’élasticité, et d’'une charge de fatigue, en tant que des conditions d’analyse de
fatigue, en vue de calculer la résistance a la fatigue de I'élément ;

dans lequel la résistance a la fatigue est définie en tant que la performance de I'élément.

Appareil de conception d’élément selon I'une quelconque des revendications 11 a 13,
dans lequel ledit module d’analyse de performance comprend :

un module d’analyse de retour élastique qui met en ceuvre une analyse de retour élastique sur la base de la
répartition d’épaisseur de tole, de la répartition de contraintes aprés formage, et de la forme de I'élément, en
vue de calculer une répartition de déplacement dudit un ou desdits plusieurs produits formés ;

unmodule d’analyse d’élasticité qui assemble I'élément, sur I'ordinateur, sur la base dudit un ou desdits plusieurs
produits formés, calcule la répartition de contraintes résiduelles de I'élément, et met en ceuvre une analyse
élastique sur la base de la répartition d’épaisseur de téle, calculée par ledit module d’analyse de formage sous
pression, de la forme de I'élément, et d’'une charge statique, en tant que des conditions d’analyse élastique, en
vue de calculer une répartition de contraintes de déformation post-élastique et une répartition d’efforts de
déformation post-élastique de I'élément ; et
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un module d’analyse de fatigue qui met en ceuvre une analyse de fatigue sur la base de la répartition d’efforts
apres formage calculée par ledit module d’analyse de formage sous pression, de la répartition de contraintes
résiduelles de I'élément, calculée par ledit module d’analyse de retour élastique, de la répartition de contraintes
de déformation post-élastique et de la répartition d’efforts de déformation post-élastique qui sont calculées par
ledit module d’analyse d’élasticité, et d’'une charge de fatigue, en tant que des conditions d’analyse de fatigue,
en vue de calculer la résistance a la fatigue de I'élément ;

dans lequel la résistance a la fatigue est définie en tant que la performance de I'élément.

Produit-programme informatique comprenant :

un code de programme, lorsque le programme est exécuté par un ordinateur, amenant I'ordinateur a mettre en
ceuvre une analyse de formage sous pression sur la base d’une forme d’'un élément comprenant un ou plusieurs
produits formés assemblés, d’'une force de serre-flan, d’'un coefficientde frottement, d’'une résistance a la traction
d’un matériau, d’'une limite d’élasticité, d’'une relation de contrainte-effort, et d’'une épaisseur de tble, en tant
que des conditions de formage sous pression, et a calculer une répartition d’épaisseur de tole et une répartition
d’efforts aprés formage dudit un ou desdits plusieurs produits formés ; et

un code de programme, lorsque le programme est exécuté par un ordinateur, amenant I'ordinateur a mettre en
ceuvre une analyse de résistance, une analyse d’écrasement ou une analyse de fatigue aprés I'analyse de
formage sous pression, en tant qu'une analyse de performance dudit un ou desdits plusieurs produits formés
sur la base de la répartition d’épaisseur de tble, de la répartition d’efforts apres formage dudit un ou desdits
plusieurs produits formés, et de la forme de I'élément, et a calculer une performance de I'élément ;

dans lequel, lorsque le programme est exécuté par l'ordinateur, I'ordinateur est amené a modifier au moins
'une des conditions de formage sous pression en utilisant un outil d’optimisation, ladite au moins une des
conditions de formage sous pression étant la force de serre-flan, ou a répéter le calcul jusqu’'a ce que la
performance ait atteint une valeur cible, et a fournir en sortie une condition de formage sous pression qui donne
une valeur maximale de la performance pendant la mise en ceuvre des calculs un nombre prédéterminé de
fois, une condition de formage sous pression qui donne la valeur cible de la performance, ou une condition de
formage sous pression qui donne une région stable de la performance, en tant qu'une condition de formage
sous pression optimale.

Produit-programme informatique selon la revendication 21,
dans lequel les conditions de formage sous pression incluent en outre au moins un type ou deux types ou plus,
sélectionnés parmi une forme du matériau avant formage, une forme d’outil et une longueur de course.

Produit-programme informatique selon la revendication 21 ou 22,

dans lequel I'ordinateur met en ceuvre I'analyse de formage sous pression et calcule en outre une répartition
de contraintes aprés formage ; et

dans lequel 'ordinateur met en ceuvre I'analyse de performance dudit un ou desdits plusieurs produits formés,
en outre sur la base de la répartition de contraintes aprés formage.

Produit-programme informatique selon I'une quelconque des revendications 21 a 23,

dans lequel, dans le cadre de ladite analyse de performance, I'ordinateur met en ceuvre une analyse d’écrasement
dudit un ou desdits plusieurs produits formés, en outre sur la base d’'une force de frappe, en vue de calculer une
énergie absorbée par I'écrasement et un mode de déformation, et définitl’énergie absorbée parl’écrasement comme
étant la performance de I'élément.

Produit-programme informatique selon I'une quelconque des revendications 21 a 24,
dans lequel les conditions de formage sous pression incluent en outre une pression de surface de contact d’'une
partie supérieure de poingon.

Produit-programme informatique selon I'une quelconque des revendications 21 a 25,
dans lequel la forme de I'élément est un flan sur mesure et I'ordinateur met en ceuvre I'analyse de formage sous
pression en outre sur la base d’'une position de ligne de soudure du flan sur mesure.

Produit-programme informatique selon I'une quelconque des revendications 24 a 26,

dans lequel I'ordinateur met en ceuvre I'analyse d’écrasement en outre sur la base d’'une condition d’assemblage
de I'élément, en tant qu’une condition d’analyse d’écrasement.
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28. Produit-programme informatique selon la revendication 27,
dans lequel une condition d’assemblage optimale de I'élément est fournie en sortie au lieu de la condition de formage
sous pression optimale.

29. Produit-programme informatique selon I'une quelconque des revendications 21 a 23,
dans lequel, dans le cadre de ladite analyse de performance :
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apres 'assemblage de I'élément, sur la base dudit un ou desdits plusieurs produits formés, I'ordinateur met en
ceuvre une analyse de retour élastique sur la base de la répartition d’épaisseur de tole, de la répartition de
contraintes aprés formage, et de la forme de I'élément, en vue de calculer une répartition de contraintes rési-
duelles de I'élément ;

'ordinateur met en ceuvre une analyse élastique sur la base de la répartition d’épaisseur de tble, de la forme
de I'élément, et d’'une charge statique, en tant que des conditions d’analyse élastique, en vue de calculer une
répartition de contraintes de déformation post-élastique et une répartition d’efforts de déformation post-élastique
de I'élément ; et

'ordinateur met en ceuvre une analyse de fatigue sur la base de la répartition d’efforts apres formage, de la
répartition de contraintes résiduelles, de la répartition de contraintes de déformation post-élastique, de la ré-
partition d’efforts de déformation post-élastique et d’'une charge de fatigue, en tant que des conditions d’analyse
de fatigue, en vue de définir la résistance a la fatigue en tant que la performance de I'élément.

30. Produit-programme informatique selon I'une quelconque des revendications 21 a 23,
dans lequel, dans le cadre de ladite analyse de performance :

'ordinateur met en ceuvre une analyse de retour élastique sur la base de la répartition d’épaisseur de tole, de
la répartition de contraintes aprés formage et de la forme de I'élément, en vue de calculer une répartition de
déplacement dudit un ou desdits plusieurs produits formés ;

ensuite, I'élément est assemblé sur I'ordinateur sur la base dudit un ou desdits plusieurs produits formés, et
I'ordinateur calcule une répartition de contraintes résiduelles de I'élément et met en ceuvre une analyse élastique
sur la base de la répartition d’épaisseur de tole, de la forme de I'élément, et d’'une charge statique, en tant que
des conditions d’analyse élastique, en vue de calculer une répartition de contraintes de déformation post-
élastique et une répartition d’efforts de déformation post-élastique de I'élément ; et

'ordinateur met en ceuvre une analyse de fatigue sur la base de la répartition d’efforts apres formage, de la
répartition de contraintes résiduelles, de la répartition de contraintes de déformation post-élastique, de la ré-
partition d’efforts de déformation post-élastique et d’'une charge de fatigue, en tant que des conditions d’analyse
de fatigue, en vue de définir la résistance a la fatigue en tant que la performance de I'élément.

31. Support d’enregistrement lisible par ordinateur dans lequel est enregistré le produit-programme informatique selon
'une quelconque des revendications 21 a 30.
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